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10. INTAKE OF FISH AND SHELLFISH
10.1. INTRODUCTION

Contaminated finfish and shellfish are potential
sources of human exposure to toxic chemicals.
Pollutants are carried in the surface waters but also
may be stored and accumulated in the sediments as a
result of complex physical and chemical processes.
Finfish and shellfish are exposed to these pollutants
and may become sources of contaminated food if the
contaminants bioconcentrate in fish tissue or
bioaccumulate through the food chain. Some
chemicals (e.g., polychlorinated biphenyls and
dioxins) are stored in fatty tissues, while others (e.g.,
mercury and arsenic) are typically found in the
non-lipid components.

Accurately estimating exposure to  toxic
chemicals in fish requires information about the
nature of the exposed population (i.e., general
population, recreational fishermen, subsistence
fishers) and their intake rates. For example, general
population intake rates may be appropriate for
assessing contaminants that are widely distributed in
commercially caught fish. However, these data may
not be suitable to estimate exposure to contaminants
in a particular water source among recreational or
subsistence fishers. Because the catch of recreational
and subsistence fishermen is not "diluted" by fish
from other water bodies, these individuals and their
families represent the population that is most
vulnerable to exposure by intake of contaminated fish
from a specific location. Subsistence fishermen are
those individuals who consume fresh caught fish as a
major source of food. Their intake rates are generally
higher than those of the general population. It should
be noted that, depending on the study, the data
presented in this chapter for Native American
populations may or may not reflect subsistence
fishing. Harper and Harris (2008), and Donatuto and
Harper (2008) describe some difficulties associated
with evaluating fish intake rates among Native
American subsistence populations. For example,
Donatuto and Harper (2008) suggest that
contemporary Native American subsistence intake
rates may be lower (i.e., suppressed) compared to
heritage rates. Also, the intake rates among certain
subsets of the Native American populations may be
higher than the rate for the average Native American
(Donatuto and Harper, 2008; Harper and Harris,
2008).

This chapter focuses on intake rates of fish. Note
that in this section the term fish refers to both finfish
and shellfish, unless otherwise noted. Intake rates for
the general population, and recreational and Native
American fishing populations are addressed, and data

are presented for intake rates for both marine and
freshwater fish, when available.  The general
population studies in this chapter use the term
consumer-only intake when referring to the quantity
of fish and shellfish consumed by individuals during
the survey period. These data are generated by
averaging intake across only the individuals in the
survey who consumed fish and shellfish. Per capita
intake rates are generated by averaging
consumer-only intakes over the entire survey
population (including those individuals that reported
no intake). In general, per capita intake rates are
appropriate for use in exposure assessments for
which average dose estimates are of interest because
they represent both individuals who ate the foods
during the survey period and individuals who may eat
fish at some time but did not consume it during the
survey period. Per capita intake, therefore, represents
an average across the entire population of interest but
does so at the expense of underestimating
consumption for the population of fish consumers.
Similarly, the discussions regarding recreationally
caught fish consumption use the terms *“all
respondents” and “consuming anglers.” “All
respondents” represents both survey
individuals/anglers who ate recreationally caught fish
during the survey period and those that did not but
may eat recreationally caught fish during other
periods. “Consuming anglers” refers only to the
individuals who ate fish during the survey period.
The determination to use consumer-only or per
capita estimates of fish consumption in exposure
assessments depends on the purpose of the
assessment and on the source of the data. Both
approaches can be a source of valuable insights on
analyses of exposure and risk related to consumption
of fish. This is because in the overall population, fish
is not a frequently consumed item, and quantities
may be relatively small, while in some populations,
fish is consumed frequently and in large quantities.
Nationwide surveys of food intake such as the
Continuing Survey of Food Intake by Individuals
(CSFIl) or the National Health and Nutrition
Examination Survey (NHANES) provide objective
measures of food consumption that by design include
overall, population-based estimates of fish
consumption. The data from the CSFIl or NHANES
can be analyzed in terms of overall per capita
consumption or consumers only. Although the CSFII
and NHANES data are collected over short time
periods, the large scale nature and design of such
studies offer substantial advantages. In exposure
analysis and risk assessment applications where fish
intake is a concern, usually consumer-only data are of
greater interest because of the relative infrequency of
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fish consumption. Both approaches are a source of
valuable insights and help to provide context for the
results from specialized surveys that typically focus
on fish consumption. Specialized surveys are done
for a variety of reasons using different methodologies
that typically focus on relatively small, high-fish
consuming groups. It may be important to know how
results based on small, high consuming groups
compare to overall estimates of consumption based
on per capita data and consumer-only data. The data
presented in this chapter come from a variety of
sources and were collected using various
methodologies. Some data come from creel surveys
where fishermen are usually asked, among other
things, how much they have caught and the number
of family members with which they will share their
catch. These data will not represent usual behavior
because one cannot assume that the angler will have
the same luck over time. In all likelihood, there will
be variation in the amounts caught and consumed by
anglers that should be considered. Other data come
from mail surveys or personal or phone interviews
where participants are asked to recall how much fish
each family member eats over a certain period of
time. In some cases, data are recorded by survey
participants in a food diary. Some surveys may ask
about frequency of consumption, but not the amount.
Frequency of consumption data can be combined
with information on amount consumed per eating
occasion to estimate consumption. The recall period
determines if the survey characterizes long-term (i.e.,
usual intake) or short-term consumption. Exposure
assessors are generally interested in estimates of
long-term behaviors, but longer recall periods are
associated with generally higher reporting error that
should be considered. If the data come from a survey
where long-term or usual intake is characterized (i.e.,
how often does someone eat fish in a year?), then
consumer-only estimates may capture day-to-day
variability in consumption. On the other hand, if the
survey instrument used to collect the data
characterizes short-term consumption (e.g., how
much was eaten in a week, how much was consumed
on a particular day), then a per capita estimate may
account for the fact that individuals who are not
consumers during the survey period may consume
fish at some point over a longer time period. Using
consumer-only data from short-term surveys may
tend to overestimate consumption over the long term,
especially at the high end, because it would not
include days where respondents do not consume fish.
Overestimates of consumption could, however, be
considered conservative with regard to intake of
contaminants and, thus, provide the basis for
measures protective of human health.

The U.S. Environmental Protection Agency (EPA)
has prepared a review of and an evaluation of five
different survey methods used for obtaining fish
consumption data. They are

* Recall-Telephone Survey,
¢ Recall-Mail Survey,

* Recall-Personal Interview,
¢ Diary, and

* Creel Census.

Refer to U.S. EPA (1998) Guidance for
Conducting Fish and Wildlife Consumption Surveys
for more detail on these survey methods and their
advantages and limitations. The type of survey used,
its design, and any weighting factors used in
estimating consumption should be considered when
interpreting survey data for exposure assessment
purposes. For surveys used in this handbook,
respondents are typically adults who have reported on
fish intake for themselves and for children living in
their households.

Generally, surveys are either "creel" studies in
which fishermen are interviewed while fishing, or
broader population surveys using either mailed
guestionnaires or phone interviews. Both types of
data can be useful for exposure assessment purposes,
but somewhat different  applications and
interpretations are needed. In fact, results from creel
studies have often been misinterpreted, due to
inadequate knowledge of survey principles. Below,
some basic facts about survey design are presented,
followed by an analysis of the differences between
creel and population-based studies.

Typical surveys seek to draw inferences about a
larger population from a smaller sample of that
population. This larger population, from which the
survey sample is taken and to which the results of the
survey are generalized, is denoted the target
population of the survey. In order to generalize from
the sample to the target population, the probability of
being sampled must be known for each member of
the target population. This probability is reflected in
weights assigned to survey respondents, with weights
being inversely proportional to sampling probability.
When all members of the target population have the
same probability of being sampled, all weights can be
set to one and essentially ignored. For example, in a
mail or phone study of licensed anglers, the target
population is generally all licensed anglers in a
particular area, and in the studies presented, the
sampling probability is essentially equal for all target
population members.
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In a creel study (i.e., a study in which fishermen
are interviewed while fishing), the target population
is anyone who fishes at the locations being studied.
Generally, in a creel study, the probability of being
sampled is not the same for all members of the target
population. For instance, if the survey is conducted
for 1 day at a site, then it will include all persons who
fish there daily, but only about 1/7 of the people who
fish there weekly, 1/30 of the people who fish there
monthly, etc. In this example, the probability of being
sampled (or inverse weight) is seen to be proportional
to the frequency of fishing. However, if the survey
involves interviewers revisiting the same site on
multiple days, and persons are only interviewed once
for the survey, then the probability of being in the
survey is not proportional to frequency; in fact, it
increases less than proportionally with frequency. At
the extreme of surveying the same site every day over
the survey period with no re-interviewing, all
members of the target population would have the
same probability of being sampled regardless of
fishing frequency, implying that the survey weights
should all equal one. On the other hand, if the survey
protocol calls for individuals to be interviewed each
time an interviewer encounters them (i.e., without
regard to whether they were previously interviewed),
then the inverse weights will again be proportional to
fishing frequency, no matter how many times
interviewers revisit the same site. Note that when
individuals can be interviewed multiple times, the
results of each interview are included as separate
records in the database and the survey weights should
be inversely proportional to the expected number of
times that an individual’s interviews are included in
the database.

In the published analyses of most creel studies,
there is no mention of sampling weights; by default,
all weights are set to one, implying equal probability
of sampling. However, because the sampling
probabilities in a creel study, even with repeated
interviewing at a site, are highly dependent on fishing
frequency, the fish intake distributions reported for
these surveys are not reflective of the corresponding
target populations. Instead, those individuals with
high fishing frequencies are given too big a weight,
and the distribution is skewed to the right, i.e., it
overestimates the target population distribution.

Price et al. (1994) explained this problem and set
out to rectify it by adding weights to creel survey
data; the authors used data from two creel studies
(Puffer et al., 1982; Pierce et al., 1981) as examples.
Price et al. (1994) used inverse fishing frequency as
survey weights and produced revised estimates of
median and 95" percentile intake for the above
two studies.  These revised estimates  were

dramatically lower than the original estimates. The
approach of Price et al. (1994) is discussed in more
detail in Section 10.4 where the Puffer et al. (1982)
and Pierce et al. (1981) studies are summarized.
When the correct weights are applied to survey
data, the resulting percentiles reflect, on average, the
distribution in the target population; thus, for
example, an estimated 90% of the target population
will have intake levels below the 90" percentile of the
survey fish intake distribution. There is another way,
however, of characterizing distributions in addition to
the standard percentile approach; this approach is
reflected in statements of the form “50% of the
income is received by, for example, the top 10% of
the population, which consists of individuals making
more than $100,000.” Note that the 50™ percentile
(median) of the income distribution is well below
$100,000. Here the $100,000 level can be thought of
as, not the 50" percentile of the population income
distribution, but as the 50" percentile of the “resource
utilization distribution” (see Appendix 10A for
technical discussion of this distribution). Other
percentiles of the resource utilization distribution
have similar interpretations; e.g., the 90™ percentile
of the resource utilization distribution (for income)
would be that level of income such that 90% of total
income is received by individuals with incomes
below this level and 10% by individuals with income
above this level. This alternative approach to
characterizing distributions is of particular interest
when a relatively small fraction of individuals
consumes a relatively large fraction of a resource,
which is the case with regards to recreational fish
consumption. In the studies of recreational anglers,
this alternative approach, based on resource
utilization, will be presented, where possible, in
addition to the primary approach of presenting the
standard percentiles of the fish intake distribution.
The recommendations for fish and shellfish
ingestion rates are provided in the next section, along
with summaries of the confidence ratings for these
recommendations. The recommended values for the
general population and for other subsets of the
population are based on the key studies identified by
U.S. EPA for this factor. Following the
recommendations, the studies on fish ingestion
among the general population (see Section 10.3),
marine  recreational angler populations (see
Section 10.4), freshwater recreational populations
(see Section 10.5), and Native American populations
(see Section 10.6) are summarized. Information is
provided on the key studies that form the basis for the
fish and shellfish intake rate recommendations.
Relevant data on ingestion of fish and shellfish are
also provided. These studies are presented to provide
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the reader with added perspective on the current
state-of-knowledge pertaining to ingestion of fish and
shellfish among children and adults. Information on
other population studies (see Section 10.7), serving
size (see Section 10.8), and other factors to consider
(see Section 10.9) are also presented.

10.2. RECOMMENDATIONS

Considerable variation exists in the mean and
upper percentile fish consumption rates obtained
from the studies presented in this chapter. This can be
attributed largely to the type of water body (i.e.,
marine, estuarine, freshwater) and the characteristics
of the survey population (i.e., general population,
recreational, Native American), but other factors such
as study design, method of data collection, and
geographic location also play a role. Based on these
study variations, fish consumption studies were
classified into the following categories:

e General Population (finfish, shellfish, and
total fish and shellfish combined);

* Recreational Marine Intake;

* Recreational Freshwater Intake; and

* Native American Populations

For exposure assessment purposes, the selection
of intake rates for the appropriate category (or
categories) will depend on the exposure scenario
being evaluated.

10.2.1. Recommendations—General Population

Fish consumption rates are recommended for the
general population, based on the key study presented
in Section 10.3.1. The key study for estimating mean
fish intake among the general population is the
U.S. EPA analysis of data from the Centers for
Disease Control and Prevention (CDC) NHANES
2003-2006.

Table 10-1 presents a summary of the
recommended values for per capita and
consumer-only intake of finfish, shellfish, and total
finfish and shellfish combined. Table 10-2 provides
confidence  ratings for the fish  intake
recommendations for the general population. The
U.S. EPA analysis of 2003-2006 NHANES data was
conducted using childhood age groups that differed
slightly from U.S. EPA’s Guidance on Selecting Age
Groups for Monitoring and Assessing Childhood
Exposures to Environmental Contaminants (U.S.
EPA, 2005). However, for the purposes of the
recommendations presented here, data were placed in

the standardized age categories closest to those used
in the analysis.

Note that the fish intake values presented in Table
10-1 are reported as uncooked fish weights. Recipe
files were used to convert, for each fish-containing
food, the as-eaten fish weight consumed into an
uncooked equivalent weight of fish. This is important
because the concentrations of the contaminants in
fish are generally measured in the uncooked samples.
Assuming that cooking results in some reductions in
weight (e.g., loss of moisture), and the mass of the
contaminant in the fish tissue remains constant, then
the contaminant concentration in the cooked fish
tissue will increase.

In terms of calculating the dose (i.e.,
concentration times weight), actual consumption may
be overestimated when intake is expressed on an
uncooked basis, but the actual concentration may be
underestimated when it is based on the uncooked
sample. The net effect on the dose would depend on
the magnitude of the opposing effects on these
two exposure factors. On the other hand, if the
"as-prepared” (i.e., as-consumed) intake rate and the
uncooked concentration are used in the dose
equation, dose may be underestimated because the
concentration in the cooked fish is likely to be higher,
if the mass of the contaminant remains constant after
cooking. Reported weights are also more likely to
reflect uncooked weight, and interpretation of
advisories are likely to be in terms of uncooked
weights. Although it is generally more conservative
and appropriate to use uncooked fish intake rates, one
should also be sure to use like measures. That is to
say, avoid using raw fish concentrations and cooked
weights to estimate the dose. For more information
on cooking losses and conversions necessary to
account for such losses, refer to Chapter 13 of this
handbook.

If concentration data can be adjusted to account
for changes after cooking, then the "as-prepared"
(i.e., as-consumed) intake rates are appropriate.
However, data on the effects of cooking on
contaminant concentrations are limited, and assessors
generally make the conservative assumption that
cooking has no effect on the contaminant mass. The
key study on fish ingestion provides intake data
based on uncooked fish weights. However, relevant
data on both "as-prepared” (i.e., as-consumed) and
uncooked general population fish intake are also
presented in this handbook. The assessor should
choose the intake data that best matches the
concentration data that are being used.

The NHANES data on which the general
population recommendations are based, are
short-term survey data and could not be used to
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estimate the distribution over the long term. Also, it is
important to note that a limitation associated with
these data is that the total amount of fish reported by
respondents included fish from all sources (e.g.,
fresh, frozen, canned, domestic, international origin).
The analysis of NHANES survey data used to
develop the recommended intake rates in this
handbook did not consider the source of the fish
consumed. This type of information may be relevant
for some assessments.

Recommended values should be selected that are
relevant to the assessment, choosing the appropriate
age groups and type of fish (i.e., finfish, shellfish, or
total finfish, and shellfish). In some cases, a different
study or studies may be particularly relevant to the
needs of an assessment, in which case, results from
that specific study or studies may be used instead of
the recommended values provided here. For example,
it may be advantageous to use estimates that target a
particular region or geographical area, if relevant data
are available. In addition, seasonal, sex, and fish
species variations should be considered when
appropriate, if data are available. Also, relevant data
on general population fish intake in this chapter may
be used if appropriate to the scenarios being assessed.
For example, older data from the U.S. EPA’s analysis
of data from the 1994-1996 and 1998 CSFII provide
intake rates for freshwater/estuarine fish and
shellfish, marine fish and shellfish, and total fish and
shellfish that are not available from the more recent
NHANES analysis.

10.2.2. Recommendations—Recreational Marine
Anglers

Table 10-3 presents the recommended values for
recreational marine anglers. These values are based
on the surveys of the National Marine Fisheries
Service (NMFS, 1993). The values from NMFS
(1993) are assumed to represent intake of marine fish
among adult recreational fishers. Values represent
both individuals who ate recreational fish during the
survey period and those that did not, but may eat
recreationally caught fish during other periods.
Age-specific values were not available from this
source. However, recommendations for children were
estimated based on the ratios of marine fish intake for
general population children to that of adults using
data from U.S. EPA’s analysis of CSFIl data from
1994-1996 and 1998 (U.S. EPA, 2002) (see
Section 10.3.2.6), multiplied by the adult recreational
marine fish intake rates for the Atlantic, Gulf, and
Pacific regions, using data from NMFS (1993) (see
Section 10.4.1.1). The ratios of each age group to
adults >18 years were calculated separately for the

means and 95" percentiles. Much of the other
relevant data on recreational marine fish intake in this
chapter are limited to certain geographic areas and
cannot be generalized to the U.S. population as a
whole. However, assessors may use the data from the
relevant studies provided in this chapter if
appropriate to the scenarios being assessed. Table
10-4 presents the confidence ratings for
recommended recreational marine fish intake rates.

10.2.3. Recommendations—Recreational
Freshwater Anglers

Recommended values are not provided for
recreational freshwater fish intake because the
available data are limited to certain geographic areas
and cannot be readily generalized to the U.S.
population of freshwater recreational anglers as a
whole (see Figure 10-1). For example, factors
associated with water body, climate, fishing
regulations, availability of alternate fishable water
bodies, and water body productivity may affect
recreational fish intake rates. However, data from
several relevant recreational freshwater studies are
provided in this chapter. Table 10-5 summarizes data
from these studies. Assessors may use these data, if
appropriate to the scenarios and locations being
assessed. Although recommendations are not
provided, some general observations can be made.
Most of the studies in Table 10-5 represent state-wide
surveys of recreational anglers. These include
Alabama, Connecticut, Indiana, Maine, Michigan,
Minnesota, North Dakota, and  Wisconsin.
Consumption data from these states would include
freshwater fish from rivers, lakes, and ponds. The
average range of consumption for all respondents
from these states varies from 5 g/day to 51 g/day.
Another two studies represent consumption of fish
from specific rivers. These included Savannah River
in Georgia and The Clinch River in Tennessee. The
consumption rates for all respondents from these
two rivers ranged from 20 g/day to 70 g/day. One of
the studies in Table 10-5 represents the consumption
of fish from three lakes in Washington, and another
represents consumption of fish from Lake Ontario.
The average consumption rate for all responding
adults was 10 g/day for the three Washington lakes. It
can also be noted that a large percentage of
recreational anglers consumed fish and shellfish
during the survey period. Thus, values for all
respondents and consuming anglers are fairly similar.
For Lake Ontario, the average consumption rate for
adults was 5 g/day.
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10.2.4. Recommendations—Native American
Populations

Recommended values are also not provided for
Native American fish intake because the available
data are limited to certain geographic areas and/or
tribes and cannot be readily generalized to Native
American tribes as a whole. However, data from
several Native American studies are provided in this
chapter and are summarized in Table 10-6. Assessors
may use these data, if appropriate to the scenarios
and populations being assessed. These studies were
performed at various study locations among various
tribes.
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Table 10-1. Recommended Per Capita and Consumer-Only Values for Fish Intake (g/kg-day), Uncooked Fish
Weight, by Age
Per Capita Consumers Only
% 95" 95™
Age N Consuming  Mean  percentile N Mean percentile Source
Finfish®
All 16,783 23 0.16 11 3,204 0.73 2.2
Birth to 1 year 865 2.6 0.03 0.0° 22 1.3 2.9°
1 to <2 years 1,052 14 0.22 1.2° 143 1.6 4.9°
2 to <3 years 1,052 14 0.22 1.2° 143 1.6 4.9 U.S. EPA
310 <6 years 978 15 0.19 14 156 13 3.6 A”a']}’s's
6 to <11 years 2,256 15 0.16 11 333 11 29 \NHANES
11 to <16 years 3,450 15 0.10 0.7 501 0.66 17 2003—
16 to <21 years 3,450 15 0.10 0.7 501 0.66 1.7 2006 data
21 to <50 years 4,289 23 0.15 1.0 961 0.65 2.1
Females 13 to 49 years 4,103 22 0.14 0.9 793 0.62 1.8
50+ years 3,893 29 0.20 1.2 1,088 0.68 2.0
Shellfish?
All 16,783 11 0.06 0.4 1,563 0.57 1.9
Birth to 1 year 865 0.66 0.00 0.0° 11 0.42 2.3°
1 to <2 years 1,052 4.4 0.04 0.0° 53 0.94 3.5°
2 to <3 years 1,052 4.4 0.04 0.0° 53 0.94 3.5° U.S. EPA
3 to <6 years 978 4.6 0.05 0.0 56 1.0 2.9° A”a']}’s's
6 to <11 years 2,256 7.0 0.05 0.2 158 0.72 2.0° NHXNES
11 to <16 years 3,450 5.1 0.03 0.0 245 0.61 19 2003-
16 to <21 years 3,450 5.1 0.03 0.0 245 0.61 1.9 2006 data
21 to <50 years 4,289 13 0.08 0.5 605 0.63 2.2
Females 13 to 49 years 4,103 11 0.06 0.3 474 0.53 1.8
50+ years 3,893 13 0.05 0.4 435 0.41 1.2
Total Finfish and Shellfish?®

All 16,783 29 0.22 1.3 4,206 0.78 2.4
Birth to 1 year 865 3.1 0.04 0.0° 30 1.2 2.9°
1to <2 years 1,052 17 0.26 1.6° 183 15 5.9°
2 to <3 years 1,052 17 0.26 1.6° 183 15 5.9° U.S. EPA
3 to <6 years 978 18 0.24 16 196 13 3.6° A”a']é’s's
6 to <11 years 2,256 22 0.21 14 461 0.99 2.7° NHXNES
11 to <16 years 3,450 18 0.13 1.0 685 0.69 18 2003—
16 to <21 years 3,450 18 0.13 1.0 685 0.69 1.8 2006 data
21 to <50 years 4,289 31 0.23 1.3 1,332 0.76 2.5
Females 13 to 49 years 4,103 28 0.19 1.2 1,109 0.68 1.9
50+ years 3,893 36 0.25 14 1,319 0.71 2.1
& Analysis was conducted using slightly different childhood age groups than those recommended in Guidance on Selecting

Age Groups for Monitoring and Assessing Childhood Exposures to Environmental Contaminants (U.S. EPA, 2005). Data

were placed in the standardized age categories closest to those used in the analysis.
b Estimates are less statistically reliable based on guidance published in the Joint Policy on Variance

Estimation and Statistical Reporting Standards on NHANES I11 and CSFII Reports: NHIS/NCHS Analytical

Working Group Recommendations (NCHS, 1993).
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Table 10-2. Confidence in Recommendations for General Population Fish Intake

General Assessment Factors

Rationale Rating

Soundness
Adequacy of Approach

Minimal (or Defined) Bias

High
The survey methodology and the analysis of the survey
data were adequate. Primary data were collected and
used in a secondary analysis of the data. The sample
size was large.

The response rate was adequate. The survey data were
based on recent recall. Data were collected over a short
duration (i.e., 2 days).

Accessibility

Reproducibility

Quality Assurance

Applicability and Utility High
Exposure Factor of Interest The key study focused on the exposure factor of
interest.
Representativeness The survey was conducted nationwide and was
representative of the general U.S. population.
Currency Data were derived from 2003-2006 NHANES.
Data Collection Period Data were collected for 2 non-consecutive days.
Clarity and Completeness High

The primary data are accessible through CDC.

The methodology was clearly presented; enough
information was available to allow for reproduction of
the results.

Quality assurance of NHANES data was good; quality
control of secondary analysis was good.

\Variability and Uncertainty
Variability in Population

Uncertainty

Medium to high for
averages; low for
long-term upper
percentiles

Full distributions were provided by the key study.

The survey was not designed to capture long-term
intake and was based on recall.

Evaluation and Review
Peer Review

Number and Agreement of Studies

Medium
The National Center for Health Statistics (NCHS)
NHANES survey received a high level of peer review.
The U.S. EPA analysis of these data has not been peer
reviewed outside the Agency, but the methodology used
has been peer reviewed in analysis of previous data.

The number of studies is one.

Overall Rating

Medium to High
(mean)
Medium (long-term
upper percentiles)
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Table 10-3. Recommended Values for Recreational Marine Fish Intake

Age Group Intake Rate®

Mean g/day” 95" Percentile g/day”
Atlantic
3 to <6 years 25 8.8
6 to <11 years 25 8.6
11 to <16 years 34 13
16 to <18 years 2.8 6.6
>18 years 5.6 18
Gulf
3 to <6 years 3.2 13
6 to <11 years 3.3 12
11 to <16 years 44 18
16 to <18 years 35 9.5
>18 years 7.2 26
Pacific
3 to <6 years 0.9 3.3
6 to <11 years 0.9 3.2
11 to <16 years 1.2 4.8
16 to <18 years 1.0 2.5
>18 years 2.0 6.8

a

Represents intake for the recreational fishing population only. Data from U.S. EPA analysis of NMFS

(1993) assumed to represent adults >18 years. Values represent both survey anglers who ate recreational
fish during the survey period and those that did not, but may eat recreationally caught fish during other

periods.
Recommendations for children were estimated based on the ratios of marine fish intake for general

population children to that of adults using data from U.S. EPA’s analysis of CSFII data (see Table 10-31),

multiplied by the adult recreational marine fish intake rates for the Atlantic, Gulf, and Pacific regions,

using data from NMFS (1993) (see Table 10-50).The ratios of each age group to adults >18 years were

calculated separately for the means and 95" percentiles.
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Table 10-4. Confidence in Recommendations for Recreational Marine Fish Intake

General Assessment Factors

Rationale Rating

Soundness
Adequacy of Approach

Minimal (or Defined) Bias

Medium
The survey methodology and the analysis of the survey data
were adequate. Primary data were collected and used in a
secondary analysis of the data. The sample size was large.

The response rate was adequate. The survey data were based
on recent recall.

Applicability and Utility
Exposure Factor of Interest

Representativeness

Currency

Data Collection Period

Low to Medium
The key study was not designed to estimate individual
consumption of fish. U.S. EPA obtained the raw data and
estimated intake distributions by employing assumptions
derived from other data sources.

The survey was conducted in coastal states in the Atlantic,
Pacific, and Gulf regions and was representative of fishing
populations in these regions of the United States.

The data are from a survey conducted in 1993.

Data were collected in telephone interviews and direct
interviews of fishermen in the field over a short time frame.

Peer Review

Number and Agreement of Studies

Clarity and Completeness Medium
Accessibility The primary data are from NMFS.
Reproducibility The methodology was clearly presented; enough information
was available to allow for reproduction of the results.
Quality assurance of the primary data was not described.
Quality Assurance Quality assurance of the secondary analysis was good.
\Variability and Uncertainty Low
Variability in Population Mean and 95™ percentile values were provided.
Uncertainty The survey was specifically designed to estimate individual
intake rates. U.S. EPA estimated intake based on an analysis
of the raw data, using assumptions about the number of
individuals consuming fish meals from the fish caught.
Estimates for children are based on additional assumptions
regarding the proportion of intake relative to the amount
eaten by adults.
Evaluation and Review Medium

Data from NMFS (1993) were reviewed by NMFS and
U.S. EPA. U.S. EPA’s analysis was not peer reviewed outside
of EPA.

The number of studies is one.

Overall Rating

Low to Medium (adults)
Low (children)
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Table 10-5. Summary of Relevant Studies on Freshwater Recreational Fish Intake

Location Population Group Mean 95" Percentile Source
g/day g/day
Alabama All Respondents (Adults) 442 - ADEM (1994)
Consuming Anglers 53° -
Connecticut All Respondents 51° - Balcom et al. (1999)
Consuming Anglers 53¢ -
Georgia All Respondents (Adult 38° - Burger et al. (1999)
(Savannah Whites) -
River) All Respondents (Adult 70°
Blacks)
Indiana All Respondents 16 61 Williams et al. (1999)
Consuming Anglers 20 61
Maine All Respondents 5.0 21 ChemRisk (1992);
Consuming Anglers 6.4 26 Ebert et al. (1993)
Michigan Consuming Anglers West et al. (1993;
1to 5 years 5.6 - 1989)
6 to 10 years 7.9 -
11 to 20 years 7.3 -
21 to 80 years 16 -
All ages 14 39
Minnesota All Respondents Benson et al. (2001)
0 to 14 years 1.2 (50" percentile) 14
>14 years (male) 4.5 (50" percentile) 40
15 to 44 (female) 2.1 (50" percentile) 25
>44 (female) 3.6 (50™ percentile) 37
Consuming Anglers 14 37
New York All Respondents (Adults) 4.9 18 Connelly et al. (1996)
(Lake Ontario) ~ Consuming Anglers 5.8¢ -
North Dakota All Respondents Benson et al. (2001)
0 to 14 years 1.7 (50" percentile) 22
>14 years (male) 2.3 (50" percentile) 25
15 to 44 (female) 4.3 (50" percentile) 30
>44 (female) 4.2 (50" percentile) 33
Consuming Anglers 12 43
Tennessee All Respondents 20°" - Rouse Campbell et
(Clinch River) Consuming Anglers 38" - al. (2002)
Washington All Respondents (Adults) 10 42 Mayfield et al. (2007)
Children of Respondents 7 29
Consuming Anglers 15' -
(Adults)
Wisconsin All Respondents (Adults) 11 37 Fiore et al. (1989)
Consuming Anglers 12 37
Summary (mean  Statewide Surveys' 5-51 g/day
ranges) Rivers 20-70 g/day
Lakes' 5-10 g/day
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Table 10-5. Summary of Relevant Studies on Freshwater Recreational Fish Intake (continued)

- = o Qa = o o O

Note

Based on the average of two methods.

Value represents anglers who consumed recreationally caught fish during the survey period, calculated by
dividing all respondents by the percent consuming of 83%.

Values included consumption of both freshwater and saltwater fish.

Value calculated by dividing all respondents by the percent consuming of 97%.

Calculated as amount eaten per year divided by 365 days per year.

Based on average of multiple adult age groups.

Value calculated by dividing all respondents by the percent consuming of 84%.

Values included consumption of both self-caught and store-bought fish.

Value calculated by dividing all respondents by the percent consuming of 66%.

Represents the range from the following states: Alabama, Connecticut, Indiana, Maine, Michigan,
Minnesota, North Dakota, and Wisconsin.

Represents the range from the following rivers: Savannah River in GA and The Clinch River in TN.
Represents the range from three lakes in Washington and Lake Ontario.

Estimate not available.

All respondents represent both survey anglers who ate recreational fish during the survey period and those
that did not, but may eat recreationally caught fish during other periods.

Figure 10-1. Locations of Freshwater Fish Consumption Surveys in the United States.
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Table 10-6. Summary of Relevant Studies on Native American Fish Intake

Location/Tribe Population Group Mean? 95" Percentile® Source
94 Alaska All Respondents Wolfe and Walker
Communities Lowest of 94 16 g/day - (1987)
Median of 94 81 g/day -
Highest of 94 770 g/day -
Chippewa Indians All Respondents Peterson et al.
(Wisconsin) Adults 39 g/day” - (1994)
4 Columbia River All Respondents CRITFC (1994)
Tribes Adults 59 g/day 170 g/day
(Oregon) Children <5 years 11 g/day (50" percentile) 98 g/day
Consumers
Adults 63 g/day® 183°
Florida All Respondents 0.8 g/kg-day 45 g/kg-day  Westat (2006)
Consumers’ 1.5 g/kg-day 5.7 g/kg-day
Minnesota All Respondents 2.8 g/kg-day - Westat (2006)
Consumers’ 2.8 g/kg-day -
Mohawk Tribe All Respondents Fitzgerald et al.
(New York and Women 13 g/day® - (1995)
Canada) Consuming Women 16 g/day® -
Mohawk Tribe All Respondents'
(New York and Adults 25 g/day 131 g/day Forti et al. (1995)
Canada) Children 2 years' 10 g/day 54 g/day
Consumers
Adults' 29 g/day 135 g/day
Children 2 years' 13 g/day 58 g/day
North Dakota All Respondents 0.4 g/kg-day 0.99 Westat (2006)
Consumers® 0.4 g/kg-day 0.89
Tulalip Tribe All Respondents Toy et al. (1996)
(Washington) Adult 0.9 g/kg-day 2.9 g/kg-day
Children birth <5 years 0.2 g/kg-day 0.7 g/kg-day®
All Respondents
Squaxin Island Tribe  Adults 0.9 g/kg-day 3.0 g/kg-day
(Washington) Children 0.8 g/kg-day 2.1 g/kg-day®
Tulalip Tribe Consumers Polissar et al.
(Washington) Adults 1.0 g/kg-day 2.6 g/kg-day (2006)
Children birth <5 years 0.4 g/kg-day 0.8 g/kg-day®
Consumers
Squaxin Island Tribe  Adults 1.0 g/kg-day 3.4 g/kg-day
(Washington) Children birth <5 years 2.9 g/kg-day 7.7 g/kg-day
Suquamish Tribe All Respondents Duncan (2000)
(Washington) Adults 2.7 g/kg-day 10 g/kg-day
Children <6 years 1.5 g/kg-day 7.3 g/kg-day
Consumers
Adults 2.7 g/kg-day 10 g/kg-day
Children <6 years 1.5 g/kg-day 7.3 g/kg-day
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Table 10-6. Summary of Relevant Studies on Native American Fish Intake (continued)

8 Results are reported in g/day or g/kg-day, depending on which was provided in the source material.

b All respondents consumed fish caught in Northern Wisconsin lakes.

¢ Value calculated by dividing all respondents by the percent consuming of 93%.

¢ Based on uncooked fish weight.

¢ Value represents consumption by Mohawk women >1 year before pregnancy. Value estimated by
multiplying number of fish meals/year by the 90" percentile meal size of 209 g/meal for general population
females 20-39 years old from Smiciklas-Wright et al. (2002).

f Based on 90™ percentile general population meal size, based on Pao et al. (1982).

g Value represents the 90" percentile.

- Estimate not available.
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10.3. GENERAL POPULATION STUDIES
10.3.1. Key General Population Study

10.3.1.1. U.S. EPA Analysis of Consumption Data
From 2003-2006 NHANES

The key source of recent information on
consumption rates of fish and shellfish is the U.S.
CDC’s NCHS’ NHANES. Data from NHANES
2003-2006 have been used by the U.S. EPA, Office
of Pesticide Programs (OPP) to generate per capita
and consumer-only intake rates for finfish, shellfish,
and total fish and shellfish combined.

NHANES is designed to assess the health and
nutritional status of adults and children in the United
States. In 1999, the survey became a continuous
program that interviews a nationally representative
sample of approximately 7,000 persons each year and
examines a nationally representative sample of about
5,000 persons each year, located in counties across
the country, 15 of which are visited each year. Data
are released on a 2-year basis, thus, for example, the
2003 data are combined with the 2004 data to
produce NHANES 2003-2004.

The dietary interview component of NHANES is
called What We Eat in America and is conducted by
the U.S. Department of Agriculture (USDA) and the
U.S. Department of Health and Human Services
(DHHS). DHHS’ NCHS is responsible for the sample
design and data collection, and USDA’s Food
Surveys Research Group is responsible for the dietary
data collection methodology, maintenance of the
databases used to code and process the data, and data
review and processing. Beginning in 2003,
2 non-consecutive days of 24-hour intake data were
collected. The first day is collected in-person, and the
second day is collected by telephone 3 to 10 days
later. These data are collected using USDA’s dietary
data collection instrument, the Automated Multiple
Pass Method. This method provides an efficient and
accurate means of collecting intakes for large-scale
national surveys. It is fully computerized and uses a
five-step interview. Details can be found at USDA’s
Agriculture Research Service
(http://www.ars.usda.gov/ba/bhnrc/fsrg).

For NHANES 2003-2004, there  were
12,761 persons selected; of these, 9,643 were
considered respondents to the mobile examination
center (MEC) for examination and data collection.
However, only 9,034 of the MEC respondents
provided complete dietary intakes for Day 1.
Furthermore, of those providing the Day 1 data, only
8,354 provided complete dietary intakes for Day 2.
For NHANES 2005-2006, there were 12,862 persons
selected; of these, 9,950 were considered respondents

to the MEC examination and data collection.
However, only 9,349 of the MEC respondents
provided complete dietary intakes for Day 1.
Furthermore, of those providing the Day 1 data, only
8,429 provided complete dietary intakes for Day 2.

The 2003-2006 NHANES surveys are stratified,
multistage probability samples of the civilian
non-institutionalized U.S. population. The sampling
frame was organized using 2000 U.S. population
census estimates. NHANES oversamples low-income
persons, adolescents 12-19 years, persons 60 years
and older, African Americans, and Mexican
Americans. Several sets of sampling weights are
available for use with the intake data. By using
appropriate weights, data for all 4 years of the
surveys can be combined. Additional information on
NHANES can be obtained at
http://www.cdc.gov/nchs/nhanes.htm.

In 2010, U.S. EPA’s OPP used NHANES 2003-
2006 data to update the Food Commodity Intake
Database (FCID) that was developed in earlier
analyses of data from the U.S. Department of
Agriculture’s (USDA’s) CSFIlI (U.S. EPA, 2002;
USDA, 2000). NHANES data on the foods people
reported eating were converted to the quantities of
agricultural  commodities eaten.  "Agricultural
commodity" is a term used by U.S. EPA to mean
plant (or animal) parts consumed by humans as food;
when such items are raw or unprocessed, they are
referred to as "raw agricultural commaodities." For
example, clam chowder may contain the commodities
clams, vegetables, and spices. FCID contains
approximately 553 unique commodity names and
eight-digit codes. The FCID commodity names and
codes were selected and defined by U.S. EPA and
were based on the U.S. EPA Food Commodity
Vocabulary
(http:/lwww.epa.gov/pesticides/foodfeed/).

Intake rates were generated for finfish, shellfish,
and finfish and shellfish combined. These intake rates
represent intake of all forms of the food (e.g., both
self-caught and commercially caught) for individuals
who provided data for 2 days of the survey.
Individuals who did not provide information on body
weight or for whom identifying information was
unavailable were excluded from the analysis. Two-
day average intake rates were calculated for all
individuals in the database for each of the food
items/groups. Note that if the person reported
consuming fish on only one day of the survey, their
2-day average would be half the amount reported for
the one day of consumption. These average daily
intake rates were divided by each individual's
reported body weight to generate intake rates in units
of grams per kilogram of body weight per day (g/kg-
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day). The data were weighted according to the 4-year,
2-day sample weights provided in NHANES 2003-
2006 to adjust the data for the sample population to
reflect the national population.

Summary statistics were generated on a
consumer-only and on a per capita basis. Summary
statistics, including number of observations,
percentage of the population consuming fish, mean
intake rate, and standard error of the mean intake rate
were calculated for finfish, shellfish, and finfish and
shellfish combined, for both the entire population and
consumers only (see Table 10-7 to Table 10-12). Data
were provided for the following age groups: birth to
<1 year, 1to 2 years, 3 to 5 years, 6 to 12 years, 13 to
19 years, 20 to 49 years, and >50 years. Because
these data were developed for use in U.S. EPA’s
pesticide registration program, the childhood age
groups used are slightly different than those
recommended in U.S. EPA’s Guidance on Selecting
Age Groups for Monitoring and Assessing Childhood
Exposures to Environmental Contaminants (U.S.
EPA, 2005).

The results are presented in units of g/kg-day
(same as the CSFII data). Thus, use of these data in
calculating potential dose does not require the
body-weight factor to be included in the denominator
of the average daily dose equation. It should be noted
that converting these intake rates into units of g/day
by multiplying by a single average body weight is
inappropriate because individual intake rates were
indexed to the reported body weights of the survey
respondents. Also, it should be noted that the
distribution of average daily intake rates generated
using short-term data (e.g., 2-day) does not
necessarily reflect the long-term distribution of
average daily intake rates. The distributions
generated from short-term and long-term data will
differ to the extent that each individual’s intake varies
from day to day; the distributions will be similar to
the extent that individuals’ intakes are constant from
day to day. Because of the increased variability of the
short-term  distribution, the short-term  upper
percentiles shown here may overestimate the
corresponding  percentiles of the long-term
distribution.

The advantages of using the U.S. EPA’s analysis
of NHANES data are that it provides distributions of
intake rates for various age groups of children and
adults, normalized by body weight. The data set was
designed to be representative of the U.S. population,
and includes 4 years of intake data combined.
Another advantage is the currency of the data. The
NHANES data are from 2003-2006. However,
short-term consumption data may not accurately
reflect long-term eating patterns and may

under-represent infrequent consumers of a given fish
species. This is particularly true for the tails
(extremes) of the distribution of food intake. Because
these are 2-day averages, consumption estimates at
the upper end of the intake distribution may be
underestimated if these consumption values are used
to assess acute (i.e., short-term) exposures. Also, the
analysis was conducted using slightly different
childhood age groups than those recommended in
U.S. EPA’s Guidance on Selecting Age Groups for
Monitoring and Assessing Childhood Exposures to
Environmental Contaminants (U.S. EPA, 2005).
However, given the similarities in the age groups
used, the data should provide suitable intake
estimates for the age groups of interest.

10.3.2. Relevant General Population Studies
10.3.2.1. SRI (1980)—Seafood Consumption Study

SRI (1980) utilized data that were originally
collected in a study funded by the Tuna Research
Foundation (TRF) to estimate fish intake rates. The
TREF study of fish consumption was performed by the
National Purchase Diary during the period of
September, 1973 to August, 1974. The data tapes
from this survey were obtained by the NMFS, which
later, along with the Food and Drug Administration,
USDA and TRF, conducted an intensive effort to
identify and correct errors in the database. SRI (1980)
summarized the TRF survey methodology and used
the corrected tape to generate fish intake distributions
for various population groups.

The TRF survey sample included 9,590 families,
of which 7,662 (25,162 individuals) completed the
questionnaire, a response rate of 80%. The survey
was weighted to represent the U.S. population.

The population of fish consumers represented
94% of the U.S. population. For this population of
“fish consumers,” SRI (1980) calculated means and
percentiles of fish consumption by demographic
variables (age, sex, race, census region, and
community type) and overall (see Table 10-13). The
overall mean fish intake rate among fish consumers
was calculated at 14.3 g/day and the 95™ percentile at
41.7 g/day.

Table 10-14 presents the distribution of fish
consumption for females and males, by age; this table
give the percentages of females/males in a given age
bracket with intake rates within various ranges. Table
10-15 presents mean total fish consumption by fish
species.

The TRF survey data were also utilized by Rupp
et al. (1980) to generate fish intake distributions for
three age groups (1 to 11, 12 to 18, and 18 to
98 years) within each of the 9 census regions and for
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the entire United States. Separate distributions were
derived for freshwater finfish, saltwater finfish, and
shellfish. Ruffle et al. (1994) used the percentiles data
of Rupp et al. (1980) to estimate the best-fitting
lognormal parameters for each distribution. Table
10-16 presents the optimal lognormal parameters, the
mean (M) and standard deviation (o). These
parameters can be used to determine percentiles of
the corresponding distribution of average daily fish
consumption rates  through the relation
(p) = exp[u + z(p)o] where DCR(p) is the p"
percentile of the distribution of average daily fish
consumption rates and z(p) is the z-score associated
with the p™ percentile (e.g., z(50) =0). The mean
average daily fish consumption rate is given by exp
[+ 0.56%].

The advantages of the TRF data survey are that it
was a large, nationally representative survey with a
high response rate (80%) and was conducted over an
entire year. In addition, consumption was recorded in
a daily diary over a 1-month period; this format
should be more reliable than one based on 1-month
recall. The upper percentiles presented are derived
from 1 month of data and are likely to overestimate
the corresponding upper percentiles of the long-term
(i.e., 1 year or more) average daily fish intake
distribution. Similarly, the standard deviation of the
fitted lognormal distribution probably overestimates
the standard deviation of the long-term distribution.
However, the period of this survey (1 month) is
considerably longer than those of many other
consumption studies, including the USDA National
Food Consumption Surveys, CSFII, and NHANES,
which report consumption over a 2-day to 1-week
period. Another obvious limitation of this database is
that it is now over 30 years out of date. Ruffle et al.
(1994) considered this shortcoming and suggested
that one may wish to shift the distribution upward to
account for the recent increase in fish consumption,
though CSFII has shown little change in g/day fish
consumption from 1978 to 1996. Adding
In(1 + x/100) to the log mean p will shift the
distribution  upward by x% (e.g., adding
0.22 =In(1.25) increases the distribution by 25%).
Although the TRF survey distinguished between
recreationally and commercially caught fish, SRI
(1980), Rupp et al. (1980), and Ruffle et al. (1994)
[which was based on Rupp et al. (1980)] did not
present analyses by this variable.

10.3.2.2. Pao et al. (1982)—Foods Commonly
Eaten by Individuals: Amount per Day
and per Eating Occasion

The USDA 1977-1978 Nationwide Food
Consumption Survey (NFCS) consisted of a
household and individual component. For the
individual component, all members of surveyed
households were asked to provide three consecutive
days of dietary data. For the first day’s data,
participants supplied dietary recall information to an
in-home interviewer. Second and 3™ day dietary
intakes were recorded by participants. A total of
15,000 households were included in the 1977-1978
NFCS, and about 38,000 individuals completed the
3-day diet records. Fish intake was estimated based
on consumption of fish products identified in the
NFCS database according to NFCS-defined food
codes. These products included fresh, breaded,
floured, canned, raw, and dried fish, but not fish
mixtures or frozen plate meals.

Pao et al. (1982) used the data from this survey
set to calculate per capita fish intake rates. However,
because these data are now almost 30 years out of
date, this analysis is not considered key with respect
to assessing per capita intake (the average quantity of
fish consumed per fish meal should be less subject to
change over time than is per capita intake). In
addition, fish mixtures and frozen plate meals were
not included in the calculation of fish intake. The per
capita fish intake rate reported by Pao et al. (1982)
was 11.8 g/day. The 1977-1978 NFCS was a large
and well-designed survey, and the data are
representative of the U.S. population.

10.3.2.3. USDA (1993)—Food and Nutrient Intakes
by Individuals in the United States, 1 Day,
1987-1988: Nationwide Food
Consumption Survey 1987-1988

The USDA 1987-1988 (NFCS) also consisted of
a household and individual component. For the
individual component, each member of a surveyed
household was interviewed (in person) and asked to
recall all foods eaten the previous day; the
information from this interview made up the “1-day
data” for the survey. In addition, members were
instructed to fill out a detailed dietary record for the
day of the interview and the following day. The data
for this entire 3-day period made up the “3-day diet
records.” A statistical sampling design was used to
ensure that all seasons, geographic regions of the
United States, and demographic and socioeconomic
groups were represented. Sampling weights were
used to match the population distribution of
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13 demographic characteristics related to food intake
(USDA, 1992).

Total fish intake was estimated based on
consumption of fish products identified in the NFCS
database according to NFCS-defined food codes.
These products included fresh, breaded, floured,
canned, raw, and dried fish but not fish mixtures or
frozen plate meals.

A total of 4,500 households participated in the
1987-1988 survey; the household response rate was
38%. One-day data were obtained for 10,172 (81%)
of the 12,522 individuals in participating households;
8,468 (68%) individuals completed 3-day diet
records.

USDA (1992) used the 1-day data to derive per
capita fish intake rate and intake rates for consumers
of total fish. Table 10-17 shows these rates,
calculated by sex and age group. Intake rates for
consumers only were calculated by dividing the per
capita intake rates by the fractions of the population
consuming fish in 1 day.

An advantage of analyses based on the 1987-1988
USDA NFCS is that the data set is a large,
geographically and seasonally balanced survey of a
representative sample of the U.S. population. The
survey response rate, however, was low, and an
expert panel concluded that it was not possible to
establish the presence or absence of non-response
bias (USDA, 1992). In addition, the data from this
survey have been superseded by more recent surveys.

10.3.2.4. U.S. EPA (1996)—Descriptive Statistics
From a Detailed Analysis of the National
Human Activity Pattern Survey (NHAPS)
Responses

The U.S. EPA collected information for the
general population on the duration and frequency of
time spent in selected activities and time spent in
selected microenvironments via 24-hour diaries (U.S.
EPA, 1996). Over 9,000 individuals from 48
contiguous  states  participated in  NHAPS.
Approximately 4,700 participants also provided
information on seafood consumption. The survey was
conducted between October 1992 and September
1994. Data were collected on (1) the number of
people that ate seafood in the last month, (2) the
number of servings of seafood consumed, and
(3) whether the seafood consumed was caught or
purchased (U.S. EPA, 1996). The participant
responses were weighted according to selected
demographics such as age, sex, and race to ensure
that results were representative of the U.S.
population.  Of those 4,700  respondents,
2,980 (59.6%) ate seafood (including shellfish, eels,

or squid) in the last month (see Table 10-18). The
number of servings per month was categorized in
ranges of 1-2, 3-5, 6-10, 11-19, and 20+ servings
per month (see Table 10-19). The highest percentage
(35%) of the respondent population had an intake of
3-5 servings per month. Most (92%) of the
respondents purchased the seafood they ate (see Table
10-20).

Intake data were not provided in the survey.
However, intake of fish can be estimated using the
information on the number of servings of fish eaten
from this study and serving size data from other
studies. Smiciklas-Wright et al. (2002) estimated that
the mean value for fish serving size for all age groups
combined is 114 g/serving based on the 1994-1996
CSFII survey (see Section 10.8). The CSFII serving
size data are based on all finfish, except canned,
dried, and raw, whether reported separately or as part
of a sandwich or other mixed food. Using this mean
value for serving size and assuming that the average
individual eats 3-5 servings per month, the amount of
seafood eaten per month would range from 340 to
570 g/month or 11.3 to 19.0 g/day for the highest
percentage of the population. These values are within
the range of per capita mean intake values for total
fish (16.9 g/day, uncooked equivalent weight)
calculated by U.S. EPA (2002) analysis of the USDA
CSFII data. It should be noted that an all inclusive
description for seafood was not presented in U.S.
EPA (1996). It is not known if they included
processed or canned seafood and seafood mixtures in
the seafood category.

The advantages of NHAPS are that the data were
collected for a large number of individuals and are
representative of the U.S. general population.
However, evaluation of seafood intake was not the
primary purpose of the study, and the data do not
reflect the actual amount of seafood that was eaten.
However, using the assumption described above, the
estimated seafood intake from this study is
comparable to that observed in the U.S. EPA CSFII
analysis.

10.3.2.5. Stern et al. (1996)—Estimation of Fish
Consumption and Methylmercury Intake
in the New Jersey Population

Stern et al. (1996) reported on a 7-day fish
consumption recall survey that was conducted in
1993 as part of the New Jersey Household Fish
Consumption Study. Households were contacted by
telephone using the random-digit dialing technique,
and the survey completion rate was 72% of
households contacted. Respondents included 1 adult
(i.e., >18 years) resident per household, for a total of
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1,000 residents. The sample was “stratified to provide
equal numbers of men and women and proportional
representation by county” (Stern et al., 1996). Survey
respondents provided data on consumption of all
seafood consumed within the previous 7 days,
including the number of fish meals, fish type, amount
eaten at each meal, frequency of consumption, and
whether the consumption patterns during the recall
period were typical of their intake throughout the
year.

Stern et al. (1996) reported that “of the
1,000 respondents, 933 reported that they normally
consume fish at least a few times per year and
686 reported that they consumed fish during the
recall period” (Stern et al.,, 1996). Table 10-21
presents the distribution of the number of meals for
the 7-day recall period. The average portion size was
168 grams. Approximately “4-5% of all fish meals
consisted of fish obtained non-commercially, and
only about 13% of these consisted of freshwater fish”
(Stern et al., 1996). Tuna was consumed most
frequently, followed by shrimp and flounder/fluke
(see Table 10-22).

Table 10-23 provides the average daily
consumption rates (g/day) for all fish for all adults
and for women of childbearing age (i.e., 18-
40 years). The mean fish intake rate for all adult
consumers was 50 g/day, and the 90" percentile was
107 g/day. For women of childbearing age, the mean
fish intake rate was 41 g/day, and the 90" percentile
was 88 g/day. Table 10-24 provides information on
the frequency of fish consumption.

The advantages of this study are that it is based
on a 7-day recall period and that data were collected
for the frequency of eating fish. However, the data
are based on fish consumers in New Jersey and may
not be representative of the general population of the
United States.

10.3.2.6. U.S. EPA (2002)—Estimated Per Capita
Fish Consumption in the United States

U.S. EPA’s Office of Water used data from the
1994-1996 CSFIl and its 1998 Children’s
Supplement (referred to collectively as CSFIl 1994—
1996, 1998) to generate fish intake estimates (U.S.
EPA, 2002). Participants in the CSFIl 1994-1996,
1998 provided 2 non-consecutive days of dietary
data. The Day 2 interview occurred 3 to 10 days after
the Day 1 interview but not on the same day of the
week. Data collection for the CSFII started in April
of the given year and was completed in March of the
following year. Respondents estimated the weight of
each food that they consumed. Information on the
consumption of food was classified using 11,345

different food codes and stored in a database in units
of grams consumed per day. A total of 831 of these
food codes related to fish or shellfish; survey
respondents reported consumption across 665 of
these codes. The fish component (by weight) of the
various foods was calculated using data from the
recipe file for release seven of USDA’s Nutrient Data
Base for Individual Food Intake Surveys.

The amount of fish consumed by each individual
was then calculated by summing, over all fish
containing foods, the product of the weight of food
consumed and the fish component (i.e., the
percentage fish by weight) of the food. The recipe file
also contains cooking loss factors associated with
each food. These were used to convert, for each
fish-containing food, the as-eaten fish weight
consumed into an uncooked equivalent weight of
fish. Analyses of fish intake were performed on both
an “as-prepared” (i.e., as-consumed) and uncooked
basis.

Each fish-related food code was assigned, by
U.S.EPA, to a habitat category. The habitat
categories included freshwater/estuarine, or marine.
Food codes were also designated as finfish or
shellfish. Average daily individual consumption
(g/day) was calculated, for a given fish
type-by-habitat category (e.g., marine finfish), by
summing the amount of fish consumed by the
individual across the 2 reporting days for all
fish-related food codes in the given fish-by-habitat
category and then dividing by 2. Individual daily fish
consumption (g/day) was calculated similarly except
that total fish consumption was divided by the
specific number of survey days the individual
reported consuming fish; this was calculated for fish
consumers only (i.e., those consuming fish on at least
1 of the 2 survey days). The reported body weight of
the individual was used to convert consumption in
g/day to consumption in g/kg-day.

There were a total of 20,607 respondents in the
combined data set that had 2-day dietary intake data.
Survey weights were assigned to this data set to make
it representative of the U.S. population with respect
to various demographic characteristics related to food
intake. Survey weights were also adjusted for
non-response.

U.S. EPA (2002) reported means, medians, and
estimates of the 90™, 95", and 99™ percentiles of fish
intake. The 90% interval estimates are
non-parametric estimates from bootstrap techniques.
The bootstrap estimates result from the percentile
method, which calculates the lower and upper bounds
for the interval estimate by the 100a percentile and
100 (1-a) percentile estimates from the
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non-parametric  distribution of the given point
estimate (U.S. EPA, 2002).

Analyses of fish intake were performed on an
as-prepared as well as on an uncooked equivalent
basis and on a g/day and mg/kg-day basis. Table
10-25 gives the mean and various percentiles of the
distribution of per capita finfish and shellfish intake
rates (g/day), as prepared, by habitat and fish type,
for the general population. Table 10-26 provides a
list of the fish species categorized within each
habitat. Table 10-26 also shows per capita
consumption estimates by species. Table 10-27
displays the mean and various percentiles of the
distribution of per capita finfish and shellfish intake
rates (g/day) by habitat and fish type, on an uncooked
equivalent basis. Table 10-28 shows per capita
consumption estimates by species on an uncooked
equivalent basis.

Table 10-29 through Table 10-36 present data for
daily average fish consumption. These data are
presented by selected age groupings (14 and under,
15-44, 45 and older, all ages, children ages 3 to 17,
and ages 18 and older) and sex. It should be noted the
analysis predated the age groups recommended by
U.S. EPA Guidelines on Selecting Age Groups for
Monitoring and Assessing Childhood Exposure to
Environmental Contaminants (U.S. EPA, 2005).
Table 10-29 through Table 10-32 present fish intake
data (g/day and mg/kg-day; as prepared and
uncooked) on a per capita basis, and Table 10-33
through Table 10-36 provide data for consumers only.

The advantages of this study are its large size and
its representativeness. The survey was also designed
and conducted to support unbiased estimation of food
consumption across the population. In addition,
through use of the USDA recipe files, the analysis
identified all fish-related food codes and estimated
the percent fish content of each of these codes. By
contrast, some analyses of the USDA NFCSs, which
reported per capita fish intake rates [e.g., Pao et al.
(1982); USDA (1993)], excluded certain fish-
containing foods (e.g., fish mixtures, frozen plate
meals) in their calculations.

10.3.2.7. Westat (2006)—Fish Consumption in
Connecticut, Florida, Minnesota, and
North Dakota

Westat (2006) analyzed the raw data from
three fish  consumption studies to derive fish
consumption rates for various age, sex, and ethnic
groups, and according to the source of fish consumed
(i.e., bought or caught) and habitat (i.e., freshwater,
estuarine, or marine). The studies represented data

from four states: Connecticut, Florida, Minnesota,
and North Dakota.

The Connecticut data were collected in 1996/1997
by the University of Connecticut to obtain estimates
of fish consumption for the general population, sport
fishing households, commercial fishing households,
minority and limited income households, women of
child-bearing years, and children. Data were obtained
from 810 households, representing 2,080 individuals,
using a combination of a mail questionnaire that
included a 10-day diary, and personal interviews. The
response rate for this survey was low (i.e., 6% for the
general population and 10% for anglers) but was
considered to be adequate by the study authors
(Balcom et al., 1999).

The Florida data were collected by telephone and
in-person interviews by the University of Florida and
represented a random sample of 8,000 households
(telephone interviews) and 500 food stamp recipients
(in-person interviews). The purpose of the survey was
to obtain information on the quantity of fish and
shellfish eaten, as well as the cooking method used.
Additional information of the Florida survey can be
found in Degner et al. (1994).

The Minnesota and North Dakota data were
collected by the University of North Dakota in 2000
and represented 1,572 households  and
4,273 individuals. Data on purchased and caught fish
were collected for the general population, anglers,
new mothers, and Native American tribes. The survey
also collected information on the species of fish
eaten. Additional information on this study can be
found in Benson et al. (2001).

The primary difference in survey procedures
among the three studies was the manner in which the
fish consumption data were collected. In Connecticut,
the survey requested information on how often each
type of seafood was eaten, without a recall period
specified. In Minnesota and North Dakota, the survey
requested information on the rate of fish or shellfish
consumption during the previous 12 months. In
Florida, the survey requested information on fish
consumption during the last 7 days prior to the
telephone interview. In addition, for the Florida
survey, information on away-from-home fish
consumption was collected from a randomly selected
adult from each participating household. Because this
information was not collected from all household
members, the study may tend to underestimate
away-from-home consumption. The study notes that
estimates of fish consumption using a shorter recall
period will decrease the proportion of respondents
that report eating fish or shellfish. This trend was
observed in the Florida study (in which
approximately half of respondents reported eating
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fish/shellfish),  compared  with  Connecticut,
Minnesota, and North Dakota (in  which
approximately 90% of respondents reported eating
fish or shellfish).

Table 10-37 through Table 10-46 present key
findings of the Westat (2006) consumption study. The
tables show the fish and shellfish consumption rates
for wvarious groups classified by demographic
characteristics and by the source of the fish and
shellfish consumed (i.e., freshwater versus marine,
and bought versus self-caught). Consumption rates
are presented in grams per kilogram of body weight
per day for the entire population (i.e., consumption
per capita) and for just those that reported consuming
fish and shellfish (consumption for consumers only).

An advantage of this study is that it focused on
individuals within the general population that may
consume more fish and shellfish and, thus, may be at
higher risk from exposure to contaminants in fish
than other members of the population. Also, it
provides distributions of fish consumption for
different age cohorts, ethnic groups, socioeconomic
status, types of fish (i.e., freshwater, marine,
estuarine), and sources of fish (i.e., store-bought
versus self-caught). However, the data were collected
in four states and may not be representative of the
U.S. population as a whole.

10.3.2.8. Moya et al. (2008)—Estimates of Fish
Consumption Rates for Consumers of
Bought and Self-Caught Fish in
Connecticut, Florida, Minnesota, and
North Dakota

Moya et al. (2008) summarized the analysis
conducted by Westat (2006) described in
Section 10.3.2.7. Moya et al. (2008) utilized the data
to generate intake rates for 3 age groups of children
(i.e., 1 to <6 years, 6 to <11 years, and 11 to
<l6years) and 3 age groups of adults (16 to
<30 years, 30 to <50 years, and >50 years), which are
also listed by sex. These data represented the general
population and angler population in the four states.
Recreational fish intake rates were not provided for
children, and data were not provided for children
according to the source of intake (i.e., bought or
caught) or habitat (i.e., freshwater, estuarine, or
marine). Table 10-47 presents the intake rates for the
general population who consumed fish and shellfish
in g/kg-day, as-consumed. Table 10-47 also provides
information on the fish intake among the sample
populations from the four states, based on the source
of the fish (i.e., caught or bought) and provides
estimated fish intake rates among the general

populations and angler populations from Connecticut,
Minnesota, and North Dakota.

This analysis is based on the data from Westat
(2006). Therefore, the advantages and limitations are
the same as those of the Westat (2006) study. Also,
while data were provided for individuals who ate
self-caught fish, it is not possible from this analysis
to determine the proportion of self-caught fish
represented by marine or freshwater habitats.

10.3.2.9. Mahaffey et al. (2009)—Adult Women’s
Blood Mercury Concentrations Vary
Regionally in the United States:
Association With Patterns of Fish
Consumption (NHANES 1999-2004)

Mahaffey et al. (2009) used NHANES 1999-2004
data to evaluate relationships between fish intake and
blood mercury levels. Mercury intake via fish
ingestion was evaluated for four coastal populations
(i.e., Atlantic, Pacific, Gulf of Mexico, and Great
Lakes), and four non-coastal populations defined by
U.S. census regions (i.e., Northeast, South, Midwest,
and West) (Mahaffey et al., 2009). Serving size data,
based on 24-hour dietary recall, were used with
30-day food frequency data to estimate mercury
intake from consumption of fish over a 30-day
period. The frequency data used in the study
indicated that people living on the Atlantic coast
consumed fish most frequently (averaging
6 meals/month), followed closely by those of the
Gulf and Pacific coasts. People living in non-coastal
areas or on the coasts of the Great Lakes consumed
fish least often (averaging <4 meals/month). Figure
10-2 illustrates these regional differences.

The advantage of this study is that it is based on
relatively recent NHANES data (i.e., 1999-2004), it
uses data from the 30-day food frequency
questionnaire, and it provides regional data that are
not available elsewhere. However, because the study
focused on mercury exposure, it did not provide
non-chemical specific fish intake data (in g/day or
g/kg-day) that can be wused to support risk
assessments for other chemicals (i.e., only frequency
data were provided). It does, however, provide useful
information on the relative differences in frequency
of fish intake for regional populations.

10.4. MARINE RECREATIONAL STUDIES

10.4.1. Key Marine Recreational Study

10.4.1.1. National Marine Fisheries Service (1993,
19864, b, ¢)

The NMFS conducts systematic surveys, on a
continuing basis, of marine recreational fishing.
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These surveys are designed to estimate the size of the
recreational marine finfish catch by location, species,
and fishing mode. In addition, the surveys provide
estimates for the total number of participants in
marine recreational finfishing and the total number of
fishing trips.

The NMFS surveys involve two components:
telephone surveys and direct interviewing of
fishermen in the field. The telephone survey
randomly samples residents of coastal regions,
defined generally as counties within 25 miles of the
nearest seacoast, and inquires about participation in
marine recreational fishing in the resident’s home
state in the past year, and more specifically, in the
past 2 months. This component of the survey is used
to estimate, for each coastal state, the total number of
coastal region residents who participate in marine
recreational fishing (for finfish) within the state, as
well as the total number of (within state) fishing trips
these residents take. To estimate the total number of
participants and fishing trips in the state, by coastal
residents and others, a ratio approach, based on the
field interview data, was used. Thus, if the field
survey data found that there was a 4:1 ratio of fishing
trips taken by coastal residents as compared to trips
taken by non-coastal and out-of-state residents, then
an additional 25% would be added to the number of
trips taken by coastal residents to generate an
estimate of the total number of within-state trips.

The surveys are not designed to estimate
individual consumption of fish from marine
recreational sources, primarily because they do not
attempt to estimate the number of individuals
consuming the recreational catch. Intake rates for
marine recreational anglers can be estimated,
however, by employing assumptions derived from
other data sources about the number of consumers.

The field intercept survey is essentially a creel
type survey. The survey utilizes a national site
register that details marine fishing locations in each
state. Sites for field interviews are chosen in
proportion to fishing frequency at the site. Anglers
fishing on shore, private boat, and charter/party boat
modes who had completed their fishing were
interviewed. The field survey included questions
about frequency of fishing, area of fishing, age, and
place of residence. The fish catch was classified by
the interviewer as either type A, type B1, or type B2
catch. The type A catch denoted fish that were taken
whole from the fishing site and were available for
inspection. The type Bl and B2 catch were not
available for inspection; the former consisted of fish
used as bait, filleted, or discarded dead, while the
latter was fish released alive. The type A catch was
identified by species and weighed, with the weight

reflecting total fish weight, including inedible parts.
The type B1 catch was not weighed, but weights
were estimated using the average weight derived
from the type A catch for the given species, state,
fishing mode, and season of the year. For both the
type A and B1 catch, the intended disposition of the
catch (e.g., plan to eat, plan to throw away, etc.) was
ascertained.

U.S. EPA obtained the raw data tapes from NMFS
in order to generate intake distributions and other
specialized analyses. Fish intake distributions were
generated using the field survey tapes. Weights
proportional to the inverse of the angler’s reported
fishing frequency were employed to correct for the
unequal probabilities of sampling; this was the same
approach used by NMFS in deriving their estimates.
Note that in the field survey, anglers were
interviewed regardless of past interviewing
experience; thus, the use of inverse fishing frequency
as weights was justified (see Section 10.1).

For each angler interviewed in the field survey,
the yearly amount of fish caught that was intended to
be eaten by the angler and his/her family or friends
was estimated by U.S. EPA as follows:

Y = [(wt of A catch) x I, + (wt of B1 catch) x Ig] x
[Fishing frequency] (Eqgn. 10-1)

where I, (Ig) are indicator variables equal to one if
the type A (B1) catch was intended to be eaten, and
equal to O otherwise. To convert Y to a daily fish
intake rate by the angler, it was necessary to convert
amount of fish caught to edible amount of fish, divide
by the number of intended consumers, and convert
from yearly to daily rate.

Although theoretically possible, U.S. EPA chose
not to use species-specific edible fractions to convert
overall weight to edible fish weight because edible
fraction estimates were not readily available for many
marine species. Instead, an average value of 0.5 was
employed. For the number of intended consumers,
U.S. EPA used an average value of 2.5, which was an
average derived from the results of several studies of
recreational fish consumption (ChemRisk, 1992;
West et al., 1989; Puffer et al., 1982). Thus, the
average daily intake rate (ADI) for each angler was
calculated as

ADI =Y x (0.5)/[2.5 x 365]  (Eqn. 10-2)
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Note that ADI will be 0 for those anglers who
either did not intend to eat their catch or who did not
catch any fish. The distribution of ADI among
anglers was calculated by region and coastal status
(i.e., coastal versus non-coastal counties).

The results presented in Table 10-48 and Table
10-49 are based on the results of the 1993 survey.
Sample sizes were 200,000 for the telephone survey
and 120,000 for the field surveys. All coastal states in
the continental United States were included in the
survey except Texas and Washington.

Table 10-48 presents the estimated number of
coastal, non-coastal, and out-of-state fishing
participants by state and region of fishing. Florida
had the greatest number of both Atlantic and Gulf
participants. The total number of coastal residents
who participated in marine finfishing in their home
state  was eight million; an  additional
750,000 non-coastal residents participated in marine
finfishing in their home state.

Table 10-49 presents the estimated total weight of
the type A and B1 catch by region and time of year.
For each region, the greatest catches were during the
6-month period from May through October. This
period accounted for about 90% of the North and
Mid-Atlantic catch, about 80% of the Northern
California and Oregon catch, about 70% of the
Southern Atlantic and Southern California catch, and
62% of the Gulf catch. Note that in the North and
Mid-Atlantic regions, field surveys were not done in
January and February due to very low fishing
activity. For all regions, over half the catch occurred
within 3 miles of the shore or in inland waterways.

Table 10-50 presents the mean and 95™ percentile
of average daily intake (ADI) of recreationally caught
marine finfish among anglers by region. The mean
ADI values among all anglers were 5.6, 7.2, and 2.0
g/day for the Atlantic, Gulf, and Pacific regions,
respectively. Table 10-51 gives the distribution of
catch, by species, for the Atlantic, Gulf, and Pacific
regions.

The NMFS surveys provide a large,
geographically representative sample of marine
angler activity in the United States. The major
limitation of this database in terms of estimating fish
intake is the lack of information regarding the
intended number of consumers of each angler’s catch.
In this analysis, it was assumed that every angler’s
catch was consumed by the same number (2.5) of
people; this number was derived from averaging the
results of other studies. This assumption introduces a
relatively low level of uncertainty in the estimated
mean intake rates among anglers, but a somewhat
higher level of uncertainty in the estimated intake
distributions.

Under the above assumption, the distributions
shown here pertain not only to the population of
anglers, but also to the entire population of
recreational fish consumers, which is 2.5 times the
number of anglers. If the number of consumers was
changed, to, for instance, 2.0, then the distribution
would be increased by a factor of 1.25 (2.5/2.0), but
the estimated population of recreational fish
consumers to which the distribution would apply,
would decrease by a factor of 0.8 (2.0/2.5).

Another uncertainty involves the use of 0.5 as an
(average) edible fraction. This figure is assumed to be
somewhat conservative (i.e., the true average edible
fraction is probably lower); thus, the intake rates
calculated here may be biased upward somewhat.

The recreational fish intake distributions given
refer only to marine finfish. In addition, the intake
rates calculated are based only on the catch of anglers
in their home state. Marine fishing performed
out-of-state  would not be included in these
distributions. Therefore, these distributions give an
estimate of consumption of locally caught marine
fish. These data are approximately 2 decades old and
may not be entirely representative of current intake
rates. Also, data were not available for children.

10.4.2. Relevant Marine Recreational Studies

10.4.2.1. Pierce et al. (1981)—Commencement Bay
Seafood Consumption Study

Pierce et al. (1981) performed a local creel survey
to examine seafood consumption patterns and
demographics of sport fishermen in Commencement
Bay, WA. The objectives of this survey included
determining (1) the seafood consumption habits and
demographics of non-commercial anglers catching
seafood; (2) the extent to which resident fish were
used as food; and (3) the method of preparation of the
fish to be consumed. Salmon were excluded from the
survey because it was believed that they had little
potential for contamination. The first half of this
survey was conducted from early July to
mid-September, 1980 and the second half from
mid-September through most of November. During
the summer months, interviewers visited each of four
sub-areas of Commencement Bay on five mornings
and five evenings; in the fall, the areas were sampled
on four complete survey days. Interviews were
conducted only with persons who had caught fish.
The anglers were interviewed only once during the
survey period. Data were recorded for species, wet
weight, size of the living group (family), place of
residence, fishing frequency, planned uses of the fish,
age, sex, and race (Pierce et al., 1981). The analysis

Exposure Factors Handbook
September 2011

Page
10-23



http://hero.epa.gov/index.cfm?action=search.view&reference_id=60462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=60462
http://hero.epa.gov/index.cfm?action=search.view&reference_id=60462

Exposure Factors Handbook

Chapter 10—Intake of Fish and Shellfish

of Pierce et al. (1981) did not employ explicit
sampling weights (i.e., all weights were set to one).

There were 304 interviews in the summer and 204
in the fall. About 60% of anglers were White,
20% Black, and 19% Asian, and the rest were
Hispanic or Native American. Table 10-52 gives the
distribution of fishing frequency calculated by Pierce
et al. (1981); for both the summer and fall, more than
half of the fishermen caught and consumed fish
weekly. The dominant (by weight) species caught
were Pacific hake and walleye pollock. Pierce etal.
(1981) did not present a distribution of fish intake or
a mean fish intake rate.

Price et al. (1994) obtained the raw data from this
survey and performed a re-analysis using sampling
weights proportional to inverse fishing frequency.
The rationale for these weights is explained in
Section 10.1 and in the discussion of the Puffer et al.
(1982) study (see Section 10.4.2.2). In the
re-analysis, Price et al. (1994) calculated a median
intake rate of 1.0 g/day and a 90" percentile rate of
13 g/day. The distribution of fishing frequency
generated by Pierce et al. (1981) is shown in Table
10-52. Note that when equal weights were used, Price
et al. (1994) found a median rate of 19 g/day (Table
10-53).

The same limitations apply to interpreting the
results presented here to those presented in the
discussion of Puffer et al. (1982) (see
Section 10.4.2.2). As with the Puffer et al. (1982)
data described in the following section, these values
(1.0 g/day and 19g/day) are both probably
underestimates because the sampling probabilities are
less than proportional to fishing frequency; thus, the
true target population median is probably somewhat
above 1.0 g/day, and the true 50™ percentile of the
resource utilization distribution is probably somewnhat
higher than 19 g/day. The data from this survey
provide an indication of consumption patterns for the
time period around 1980 in the Commencement Bay
area. However, the data may not reflect current
consumption patterns because fishing advisories were
instituted due to local contamination. Another
limitation of these data is that fish consumption rates
were estimated indirectly from a series of
assumptions.

10.4.2.2. Puffer et al. (1982)—Intake Rates of
Potentially Hazardous Marine Fish
Caught in the Metropolitan Los Angeles
Area

Puffer et al. (1982) conducted a creel survey with
sport fishermen in the Los Angeles area in 1980. The
survey was conducted at 12 sites in the harbor and

coastal areas to evaluate intake rates of potentially
hazardous marine fish and shellfish by local,
non-professional fishermen. It was conducted for the
full 1980 calendar year, although inclement weather
in January, February, and March limited the interview
days. Each site was surveyed an average of three
times per month, on different days, and at a different
time of the day. The survey questionnaire was
designed to collect information on demographic
characteristics, fishing patterns, species, number of
fish caught, and fish consumption patterns. Scales
were used to obtain fish weights. Interviews were
conducted only with anglers who had caught fish, and
the anglers were interviewed only once during the
entire survey period.

Puffer et al. (1982) estimated daily consumption
rates (g/day) for each angler using the following
equation:

K x N x W x F)/[E x 365] (Egn. 10-3)

where:

K= edible fraction of fish (0.25 to 0.5
depending on species),

N = number of fish in catch,

W = average weight of (grams) fish in
catch,

F = frequency of fishing/year, and

E = number of fish eaters in family/living
group.

No explicit survey weights were used in
analyzing this survey; thus, each respondent’s data
were given equal weight.

A total of 1,059 anglers were interviewed for the
survey. Table 10-54 shows the ethnic and age
distribution of respondents; 88% of respondents were
male. The median intake rate was higher for
Asian/Samoan anglers (median 70.6 g/day) than for
other ethnic groups and higher for those ages over
65 years (median 113.0 g/day) than for other age
groups. Puffer et al. (1982) found similar median
intake rates for seasons: 36.3 g/day for November
through March and 37.7 g/day for April through
October. Puffer et al. (1982) also evaluated fish
preparation methods; Appendix 10B presents these
data. Table 10-55 presents the cumulative distribution
of recreational fish (finfish and shellfish)
consumption by survey respondents; this distribution
was calculated only for those fishermen who
indicated they eat the fish they catch. The median fish
consumption rate was 37 g/day, and the
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90" percentile rate was 225 g/day (Puffer et al.,
1982). Table 10-56 presents a description of catch
patterns for primary fish species kept.

As mentioned in the introduction to this chapter,
intake distributions derived from analyses of creel
surveys that did not employ weights reflective of
sampling probabilities will overestimate the target
population intake distribution and will, in fact, be
more reflective of the “resource utilization
distribution.” Therefore, the reported median level of
37.3 g/day does not reflect the fact that 50% of the
target population has intake above this level; instead,
50% of recreational fish consumption is by
individuals consuming at or above 37 g/day. In order
to generate an intake distribution reflective of that in
the target population, weights inversely proportional
to sampling probability need to be employed. Price
etal. (1994) made this attempt with the Puffer et al.
(1982) survey data, using inverse fishing frequencies
as the sampling weights. Price et al. (1994) was
unable to get the raw data for this survey, but through
the use of frequency tables and the average level of
fish consumption per fishing trip provided in Puffer
et al. (1982), generated an approximate revised intake
distribution. This distribution was dramatically lower
than that obtained by Puffer et al. (1982); the median
was estimated at 2.9 g/day [compared with 37 from
Puffer et al. (1982)] and the 90" percentile at
35 g/day [compared to 225 g/day from Puffer et al.
(1982)].

There are several limitations to the interpretation
of the percentiles presented by both Puffer etal.
(1982) and Price et al. (1994). As described in
Appendix 10A, the interpretation of percentiles
reported from creel surveys in terms of percentiles of
the “resource utilization distribution” is approximate
and depends on several assumptions. One of these
assumptions is that sampling probability is
proportional to inverse fishing frequency. In this
survey, where interviewers revisited sites numerous
times and anglers were not interviewed more than
once, this assumption is not valid, though it is likely
that the sampling probability is still highly dependent
on fishing frequency, so that the assumption does
hold in an approximate sense. The validity of this
assumption also impacts the interpretation of
percentiles reported by Price et al. (1994) because
inverse frequency was used as sampling weights. It is
likely that the value (2.9 g/day) of Price et al. (1994)
underestimates somewhat the median intake in the
target population but is much closer to the actual
value than the Puffer et al. (1982) estimate of
37.3 g/day. Similar statements would apply about the
90" percentile. Similarly, the 37.3-g/day median
value, if interpreted as the 50" percentile of the

“resource utilization distribution,” is also somewhat
of an underestimate.

The fish intake distribution generated by Puffer et
al. (1982) [and by Price et al. (1994)] was based only
on fishermen who caught fish and ate the fish they
caught. If all anglers were included, intake estimates
would be somewhat lower. In contrast, the survey
assumed that the number of fish caught at the time of
the interview was all that would be caught that day. If
it were possible to interview fishermen at the
conclusion of their fishing day, intake estimates could
be potentially higher. An additional factor potentially
affecting intake rates is that fishing quarantines were
imposed in early spring due to heavy sewage
overflow (Puffer et al., 1982). These data are also
over 20 years old and may not reflect current
behaviors.

10.4.2.3. Burger and Gochfeld (1991)—Fishing a
Superfund Site: Dissonance and Risk
Perception of Environmental Hazards by
Fishermen in Puerto Rico

Burger and Gochfeld (1991) examined fishing
behavior, consumption patterns, and risk perceptions
of fishermen and crabbers engaged in recreational
and subsistence fishing in the Humacao Lagoons
located in eastern Puerto Rico. For a 20-day period in
February and March 1988, all persons encountered
fishing and crabbing at the Humacao lagoons and at
control sites were interviewed on fishing patterns,
consumption patterns, cooking patterns, fishing and
crabbing techniques, and consumption warnings. The
control interviews were conducted at sites that were
ecologically similar to the Humacao lagoons and
contained the same species of fish and crabs. A total
of 45 groups of people (3 to 4 people per group)
fishing at the Humacao Lagoons and 17 control
groups (3 to 4 people per group) were interviewed.

Most people fished in the late afternoon or
evenings, and on weekends. Eighty percent of the
fishing groups from the lagoons were male. The
breakdown according to age is as follows: 27% were
younger than 20 years, 49% were 21-40 years old,
24% were 41-60 years old, and 2% were over 60.
The age groups for fishing were generally lower than
the groups for crabbing. Caught fish were primarily
tilapia and some tarpon. All crabs caught were blue
crabs.

On average, people at Humacao ate about 7 fish
(N=25) or 13 crabs (N=20) each week, while
people fishing at the control site ate about 2 fish
(N=9) and 14crabs (N=9) a week (see Table
10-57). All of the crabbers (100%) and 96% of the
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fisherman at the lagoons had heard of a
contamination problem.

All the interviewees that knew of a contamination
problem knew that the contaminant was mercury.
Most fisherman and crabbers believed that the water
was clean and the catch was safe (fisherman—96%
and crabbers—100%), and all fisherman and crabbers
ate their catch. Seventy-two percent of the fisherman
and crabbers from the lagoons lived within 3 km,
18% lived 17-30 km away, and 1 group came from
66 km away. Because many of the people interviewed
had cars, researchers concluded that they were not
impoverished and did not need the fish as a protein
substitute.

Burger and Gochfeld (1991) noted that fisherman
and crabbers did not know of anyone who had gotten
sick from eating catches from the lagoons, and the
potential of chronic health effects did not enter into
their consideration. The study concluded that
fisherman  and  crabbers  experienced  an
incompatibility between their own experiences, and
the risk driven by media reports of pollution and the
lack of governmental prohibition of fishing.

One limitation of the study is that consumption
rates were based on groups not individuals. In
addition, rates were given in terms of fish per week
and not mass consumed per time or body weight.

10.4.2.4. Burger et al. (1992)—Exposure
Assessment for Heavy Metal Ingestion
From Sport Fish in Puerto Rico:
Estimating Risk for Local Fishermen

Burger et al. (1992) conducted another study in
conjunction with the Burger and Gochfeld (1991)
study. The study interviewed 45 groups of fishermen
at Humacao and 14 groups at Boqueron in Puerto
Rico. The respondents were 80% male, 50% were 21
to 40 years old, most fished with pole or cast, and
most fished for 1.5 hours. In Humacao, 96% claimed
that they ate the entire fish besides the head. The fish
were either fried or boiled in stews or soups.

In February and March, 64% of the group caught
only tilapia, but respondents stated that in June they
caught mostly robalo and tarpon. Generally, the
fisherman stated that they ate 2.1 fish (maximum of
11 fish) from Boqueron and 6.8 fish (maximum of
23) from Humacao per week. The study reported that
adults ate 374 grams of fish per day, while children
ate 127 grams per day. In order to calculate the daily
mass intake of fish, the study assumed that an adult
ate 4.4 robalos, each weighing 595 grams over a
7-day period, and a child ate 1.5 robalos, each
weighing 595 grams over a 7-day period. The study

used a maximum consumption value of 200 g/day for
fishermen to create various hazard indices.

One limitation of this study is that the
consumption rates were based on groups not
individuals. In addition, consumption rates were
calculated using the average fish weight and the
number of meals per week reported by the
respondents.

10.4.2.5. Moya and Phillips (2001)—Analysis of
Consumption of Home-Produced Foods

The 1987-1988 NFCS was also utilized to
estimate consumption of home-produced (i.e.,
self-caught) fish (as well as home-produced fruits,
vegetables, meats, and dairy products) in the general
U.S. population. The methodology for estimating
home-produced intake rates was rather complex and
involved combining the household and individual
components of the NFCS; the methodology, as well
as the estimated intake rates, are described in detail in
Chapter 13. Some of the data on fish consumption
from households who consumed self-caught fish are
also provided in Moya and Phillips (2001). A total of
2.1% of the total survey population reported
self-caught fish consumption during the survey week.
Among consumers, the mean intake rate was
2.07 g/kg-day, and the 95" percentile was
7.83 g/kg-day; the mean per capita intake rate was
0.04 g/kg-day. Note that intake rates for
home-produced foods were indexed to the weight of
the survey respondent and reported in g/kg-day.

The NFCS household component contains the
question “Does anyone in your household fish?” For
the population answering yes to this question (21% of
households), the NFCS data show that 9% consumed
home-produced fish in the week of the survey; the
mean intake rate for fish consumers from fishing
households was 2.2 g/kg-day (all ages combined, see
Table 13-20) for the fishing population. Note that
92% of individuals reporting home-produced fish
consumption for the week of the survey indicated that
a household member fishes; the overall mean intake
rate.  among home-produced fish  consumers,
regardless of fishing status, was the above reported
2.07 g/kg-day). The mean per capita intake rate
among all those living in fishing household is then
calculated as 0.2 g/kg-day (2.2 x 0.09). Using the
estimated average weight of survey participants of
59 kg, this translates into an average national per
capita self-caught fish consumption rate of 11.8 g/day
among the population of individuals who fish.
However, this intake rate represents intake of both
freshwater and saltwater fish combined. According to
the data in Chapter 13 (see Table 13-68),

Page
10-26

Exposure Factors Handbook
September 2011



http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060490
http://hero.epa.gov/index.cfm?action=search.view&reference_id=59511
http://hero.epa.gov/index.cfm?action=search.view&reference_id=59511
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060490
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060530
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060530

Exposure Factors Handbook

Chapter 10—Intake of Fish and Shellfish

home-produced fish consumption accounted for
32.5% of total fish consumption among households
who fish.

As discussed in Chapter 13 of this handbook,
intake rates for home-produced foods, including fish,
are based on the results of the household survey, and
as such, reflect the weight of fish taken into the
household. In most of the recreational fish surveys
discussed later in this section, the weight of the fish
catch (which generally corresponds to the weight
taken into the household) is multiplied by an edible
fraction to convert to an uncooked equivalent of the
amount consumed. This fraction may be species
specific, but some studies used an average value;
these average values ranged from 0.3 to 0.5. Using a
factor of 0.5 would convert the above 11.8 g/day rate
to 5.9 g/day.

The advantage of this study is that it provides a
national perspective on the consumption of
self-caught fish. A limitation of this study is that
these values include both freshwater and saltwater
fish. The proportion of freshwater to saltwater is
unknown and will vary depending on geographical
location. Intake data cannot be presented for various
age groups due to sample size limitations. The
unweighted number of households, who responded
positively to the survey question “do you fish”? was
also low (i.e., 220 households).

10.4.2.6. KCA Research Division (1994)—Fish
Consumption of Delaware Recreational
Fishermen and Their Households

In support of the Delaware Estuary Program, the
State of Delaware’s Department of Natural Resources
and Environmental Control conducted a survey of
marine recreational fishermen along the coastal areas
of Delaware between July 1992 and June 1993 (KCA
Research Division, 1994). There were
two components of the study: (1) a field survey of
fishermen as they returned from their fishing trips,
and (2) a telephone follow-up call.

The purpose of the first component was to obtain
information on their fishing trips and on their
household composition. This information included
the method and location of fishing, number of fish
caught and kept by species, and weight of each fish
kept. Household information included race, age, sex,
and number of persons in the household. Information
was also recorded as to the location of the angler
intercept (i.e., where the angler was interviewed) and
the location of the household.

The purpose of the second component was to
obtain information on the amount of fish caught and
kept from the fishing trip and then eaten by the

household. The methods used for preparing and
cooking the fish were also documented.

The field portion of the study was designed to
interview 2,000 anglers. Data were obtained from
1,901 anglers, representing 6,204 household
members (KCA Research Division, 1994). While the
primary goal of the study was to collect data on
marine recreational fishing practices, the survey
included some freshwater fishing and crabbing sites.
Follow-up phone interviews typically occurred
2 weeks after the field interview and were used to
gather information about consumption. Interviewers
aided respondents in their estimation of fish intake by
describing the weight of ordinary products, for the
purpose of comparison to the quantity of fish eaten.
Information on the number of fishing trips a
respondent had taken during the month was used to
estimate average annual consumption rates.

For all respondents, the average consumption was
17.5 g/day. Males were found to have consumed
more fish than women, and Caucasians consumed
more fish per day than the other races surveyed (see
Table 10-58). More than half of the study respondents
reported that they skinned the fish that they ate (i.e.,
450 out of 807 who reported whether they skinned
their catch); the majority ate filleted fish (i.e., 617 out
of 794 who reported the preparation method used),
and over half fried their fish (i.e., 506 out of 875 who
reported the cooking method). Information on
consumption relative to preparation method indicated
a higher consumption level for skinned fish (0.627
oz/day) than for un-skinned fish (0.517 oz/day).
Although most respondents fried their catch (0.553
oz/day), baking and broiling were also common
(0.484 and 0.541 oz/day, respectively).

One limitation of this study is that information on
fish consumption is based on anglers’ recall of
amount of fish eaten. While this study provides
information on fish consumption of various ethnic
groups, another limitation of this study is that the
sample size for ethnic groups was very small. Also,
the study was limited to one geographic area and may
not be representative of the U.S. population.

10.4.2.7. Santa Monica Bay Restoration Project
(SMBRP) (1995)—Seafood Consumption
Habits of Recreational Anglers in Santa
Monica Bay, Los Angeles, CA

The Santa Monica Bay Restoration Project
(SMBRP) conducted a study on the seafood
consumption habits of recreational anglers in Santa
Monica Bay, CA. The study was conducted between
September 1991 and August 1992. Surveys were
conducted at 11 piers and jetties, three private boat
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launches and hoists, 11 beach and intertidal sites, and
five party boat landings. Information requested in the
survey included fishing history, types of fish eaten,
consumption habits, methods of preparing fish, and
demographics. Consumption rates were calculated
based on the anglers’ estimates of meal size relative
to a model fish fillet that represented a 150-gram
meal. Interviewers identified 67 species of fish,
2 species of crustaceans, 2 species of mollusks, and
1 species of echinoderms that had been caught from
the study area by recreational anglers during the
study period. The most abundant species caught were
chub mackerel, barred sand bass, kelp bass, white
croaker, Pacific barracuda, and Pacific bonito.

A total of 2,376 anglers were censused during
113 separate surveys. Of those anglers, 1,243 were
successfully interviewed, and 554 provided sufficient
information for calculation of consumption rates. The
socio-demographics of the sample population were as
follows: most anglers were male (93%), 21 to
40 years old (54%), White (43%), and had an annual
household income of $25,000 to $50,000 (39%).

The results of the survey showed that the mean
consumption rate was 50 g/day, while the
90" percentile was over two times higher at
107 g/day (see Table 10-59). Of the identified ethnic
groups, Asians had the highest mean consumption
rate (51 g/day) and the highest 90" percentile value
for consumption rate (116 g/day). Anglers with
annual household incomes greater than $50,000 had
the highest mean consumption rate (59 g/day) and the
highest 90" percentile consumption rate (129 g/day).
Species of fish that were consumed in larger amounts
than other species included barred sand bass, Pacific
barracuda, kelp bass, rockfish species, Pacific bonito,
and California halibut.

About 77% of all anglers were aware of health
warnings about consumption of fish from Santa
Monica Bay. Of these anglers, 50% had altered their
seafood consumption habits as a result of the
warnings (46% stopped consuming some species,
25% ate less of all species, 19% stopped consuming
all fish, and 10% ate less of some species). Most
anglers in the ethnic groups surveyed were aware of
the health-risk warnings, but Asian and White anglers
were more likely to alter their consumption behavior
based on these warnings.

One limitation of this study is the low numbers of
anglers younger than 21 years of age. In this study, if
several anglers from the same household were
fishing, only the head of the household was
interviewed. Hence, young individuals were
frequently not interviewed and, therefore, are under-
represented in this study.

It should also be noted that this study was not
adjusted for avidity bias, but the California Office of
Environmental Health Hazard Assessment has
adjusted the distribution of fish consumption for
avidity bias and other factors in the Air Toxics Hot
Spots Program Risk Assessment Guidelines Part 1V:
Exposure Assessment and Stochastic Analysis
Technical Support (see http://www.oehha.ca.gov/
air/hot_spots/finalStoc.html).

10.4.2.8. Florida State Department of Health and
Rehabilitative Services (1995)—Health
Study to Assess the Human Health Effects
of Mercury Exposure to Fish Consumed
From the Everglades

A health study was conducted in two phases in the
Everglades, Florida for the U.S. Department of
Health and Human Services (Florida State
Department of Health and Rehabilitative Services,
1995). The objectives of the first phase were to (a)
describe the human populations at risk for mercury
exposure through their consumption of fish and other
contaminated animals from the Everglades and
(b) evaluate the extent of mercury exposure in those
persons consuming contaminated food and their
compliance with the voluntary health advisory. The
second phase of the study involved neurologic testing
of all study participants who had total mercury levels
in hair greater than 7.5 pg/g.

Study participants were identified by using
special targeted screenings, mailings to residents,
postings and multi-media advertisements of the study
throughout the Everglades region, and direct
discussions with people fishing along the canals and
waterways in the contaminated areas. The
contaminated areas were identified by the
interviewers and long-term Everglade residents. Of a
total of 1,794 individuals sampled, 405 individuals
were eligible to participate in the study because they
had consumed fish or wildlife from the Everglades at
least once per month in the last 3 months of the study
period. The majority of the eligible participants
(>93%) were either subsistence fishermen, Everglade
residents, or both. Subsistence fishermen were
defined in the survey as “people who rely on fish and
the wildlife of the Everglades as a source of dietary
protein for themselves and their families.” Of the
total eligible participants, 55 individuals refused to
participate in the survey. Useable data were obtained
from 330 respondents ranging in age from 10-81
years of age (mean age 39 years + 18.8) (Florida
State Department of Health and Rehabilitative
Services, 1995). Respondents were administered a
three-page questionnaire from which demographic
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information, fishing and eating habits, and other
variables were obtained (Florida State Department of
Health and Rehabilitative Services, 1995).

Table 10-60 shows the ranges, means, and
standard deviations of selected characteristics by
various groups of the survey population. Sixty-
two percent of the respondents were male with a
slight preponderance of Black individuals (43%
White, 46% Black non-Hispanic, and 11% Hispanic).
Most of the respondents reported earning an annual
income of $15,000 or less per family before taxes
(Florida State Department of Health and
Rehabilitative Services, 1995). The mean number of
years fished along the canals by the respondents was
15.8 years with a standard deviation of 15.8. The
mean number of times per week fish consumers
reported eating fish over the last 6 months and last
month of the survey period were 1.8 and 1.5 per
week with standard deviations of 2.5 and 1.4,
respectively. Table 10-60 also indicates that 71% of
the respondents reported knowing about the mercury
health advisories. Of those who were aware, 26%
reported that they had lowered their consumption of
fish caught in the Everglades, while the rest (74%)
reported no change in consumption patterns (Florida
State Department of Health and Rehabilitative
Services, 1995).

A limitation of this study is that fish intake rates
(g/day) were not reported. Another limitation is that
the survey was site limited and, therefore, not
representative of the U.S. population. An advantage
of this study is that it is one of the few studies
targeting populations expected to have higher
consumption rates.

10.4.2.9. Alcoa (1998)—Draft Report for the
Finfish/Shellfish Consumption Study—
Alcoa (Point Comfort)/Lavaca Bay
Superfund Site

The Texas Saltwater Angler Survey was
conducted in 1996/1997 to evaluate the quantity and
species of finfish and shellfish consumed by
individuals who fish at Lavaca Bay (Alcoa, 1998).
The target population for this study was residents of
three Texas counties: Calhoun, Victoria, and Jackson
(over 70% of the anglers who fish Lavaca Bay are
from these three counties). The random sample
design specified that the population percentages for
the counties should be as follows: 50% from
Calhoun, 30% from Victoria, and 20% from Jackson.

Each individual in the sample population was sent
an introductory note describing the study and then
was contacted by telephone. People who agreed to
participate and had taken fewer than six fishing trips

to Lavaca Bay were interviewed by telephone.
Persons who agreed to participate and had taken
more than five fishing trips to Lavaca Bay were sent
a mail survey with the same questions. A total of
1,979 anglers participated in this survey, representing
a response rate greater than 68%. Data were collected
from the households for men, women, and children.

The information collected as part of the survey
included recreational fishing trip information for
November 1996 (i.e., fishing site, site facilities,
distance traveled, number and species caught),
self-caught fish consumption (by the respondent,
spouse and child, if applicable), opinions on different
types of fishing experiences, and
socio-demographics. Portion size for shellfish was
determined by utilizing the number of shrimp, crabs,
oysters, etc. that an individual consumed during a
meal and the assumed tissue weight of the particular
species of shellfish.

Table 10-61 presents the results of the study.
Adult men consumed 25 grams of self-caught finfish
per day while women consumed an average of
18 grams daily. Women of childbearing age
consumed 19 grams per day, on average. Small
children were found to consume 11 g/day, and youths
consumed 16 g/day, on average. Less shellfish was
consumed by all individuals than finfish. Men
consumed an average of 2 g/day, women and youths
an average of 1 g/day, and small children consumed
less than 1 g/day of shellfish.

The study results also showed the number of
average meals and portion sizes for the respondents,
(see Table 10-62). On average, members of each
cohort consumed slightly more than 3 meals per
month of finfish, although small children and youths
consumed slightly less than 3 meals per month of
finfish and less than 1 meal per month of shellfish.
For finfish, adult men consumed an average, per
meal, portion size of 8 ounces, while women and
youths consumed 7 ounces, and small children
consumed less than 5 ounces per meal. The average
number of shellfish meals consumed per month for
all cohorts was less than one. Adult men consumed
an average shellfish portion size of 4 ounces, women
and youth 3 ounces, and small children consumed
2 ounces per meal.

The study also discussed the species composition
of self-caught fish consumed by source.
Four different sources of fish were included: fish
consumed from the closure area, fish consumed from
Lavaca Bay, fish consumed from all waters, and all
self-caught finfish and shellfish consumed, including
preserved (i.e., frozen or smoked) fish where the
location of the catch is not known. Red drum
comprised the bulk of total finfish grams consumed
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from any area, while black drum represented the
smallest amount of finfish grams consumed. Overall,
almost 40% of all self-caught finfish consumed were
red drum, followed by speckled sea trout, flounder,
all other finfish (all species were not specifically
examined in this study), and black drum. Out of all
self-caught shellfish, oysters accounted for 37%, blue
crabs for 35%, and shrimp for 29% of the total.

The study authors noted that because the survey
relied on the anglers’ recall of meal frequency and
portion, fish consumption may have been
overestimated. There was evidence of overestimation
when the data were validated, and approximately
10% of anglers reported consuming more fish than
what they caught and kept. Also, the study was
conducted at one geographic location and may not be
representative of the U.S. population.

10.4.2.10. Burger et al. (1998)—Fishing,
Consumption, and Risk Perception in
Fisherfolk Along an East Coast Estuary

Burger et al. (1998) examined fishing behavior,
consumption patterns, and risk perceptions of
515 people that were fishing and crabbing in
Barnegat Bay, NJ. This research also tested the null
hypotheses that there are no sex differences in fishing
behavior and consumption patterns and no sex
differences in the perception of fish and crab safety.

The researchers interviewed 515 people who were
fishing or crabbing on Barnegat Bay and Great Bay.
Interviews were conducted from June 22 until
September 27, 1996. Fifteen percent of the fishermen
approached refused to be interviewed, usually
because they did not have the time to participate. The
questionnaire that researchers used to conduct the
interviews contained questions about fishing
behavior, consumption patterns, cooking patterns,
warnings, and safety associated with the seafood,
environmental problems, and changes in the Bay, and
personal demographics.

Eighty-four percent of those who were
interviewed were men, 95% were White, and the rest
were evenly divided between African American,
Hispanic, and Asian. The age of interviewees ranged
from 13 to 92 years. The subjects fished an average
of seven times per month and crabbed three times per
month (see Table 10-63). Bluefish (Pomatomus
saltatrix), fluke or summer flounder (Paralichthys
dentatus), and weakfish (Cynoscion regalis) were the
most frequently caught fish. The researchers found
that the average consumption rate for people fishing
along the Barnegat Bay was 5 fish meals per month
(eating just under 10 ounces per meal) for an
approximate total of 1,450 grams of fish per month

(48.3 g/day). Most of the subjects (80%) ate the fish
they caught.

The study found that there were significant
differences in fishing behavior and consumption as a
function of sex. Women had more children with them
when fishing, and more women fished on foot along
the Bay. The consumption by women included a
significantly lower proportion of self-caught fish than
men. Men ate significantly larger portions of fish per
meal than did women, and men ate the whole fish
more often. The study results showed that there were
no sex differences with regard to the average number
of fish caught or in fish size. Nearly 90% of the
subjects believed the fish and crabs from Barnegat
Bay were safe to eat, although approximately 40% of
the subjects had heard warnings about their safety.
The subjects generally did not have a clear
understanding of the relationships  between
contaminants and fish size or trophic level. The
researchers suggested that reducing the risk from
contaminants does not necessarily involve a decrease
in consumption rates but rather a change in the fish
species and sizes consumed.

While the study provides some useful information
on sex difference in fishing behavior and
consumption, the study is limited in that the majority
of the people surveyed were White males. There were
low numbers for women and ethnic groups.

10.4.2.11. Chiang (1998)—A Seafood Consumption
Survey of the Laotian Community of West
Contra Costa County, CA

A survey of members of the Laotian community
of West Contra Costa, CA, was conducted to obtain
data on the fishing and fish consumption activities of
this community. A questionnaire was developed and
translated by the survey staff into the many ethnic
languages spoken by the members of the Laotian
community. The survey questions covered the
following topics: demographics, fishing and fish
consumption habits back home, current fishing and
fish consumption habits, fish preparation methods,
fish species commonly caught, fishing locations, and
awareness of the health advisory for this area. A total
of 229 people were surveyed.

Most respondents reported eating fish a few times
per month, and the most common portion size was
about 3 ounces. The mean amount of fish eaten per
day was reported as 18.3 g/day, with a maximum of
182.3 g/day (see Table 10-64). “Fish consumers”
were considered to be people who ate fish at least
once a month, and this group made up 86.9% of the
people surveyed. The mean fish consumption rate for
this group (“fish consumers”) averaged 21.4 g/day.
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Catfish was most often mentioned when respondents
were asked to name the fish they caught, but striped
bass was the species reported caught most often by
respondents. Soups/stews were reported as the most
common preparation method of fish (86.4%)
followed by frying (78.4%), and baking (63.6%).

Of all survey respondents, 48.5% reported having
heard of the health advisory about eating fish and
shellfish from San Francisco Bay. Of those that had
heard the advisory, 59.5% reported recalling its
contents, and 60.3% said that it had influenced their
fishing and fish consumption patterns.

Some sectors of the Laotian community were not
included in the survey such as the Lue, Hmong, and
Lahu groups. However, it was noted that the groups
excluded from the survey do not differ greatly from
the sample population in terms of seafood
consumption and fishing practices. The study authors
also indicated that participants may have
under-reported  fishing and fish consumption
practices due to recent publicity about contamination
of the Bay, fear of losing disability benefits, and fear
that the survey was linked to law enforcement actions
about fishing from the Bay. Another limitation of the
study involved the use of a 3-ounce fish fillet model
to estimate portion size of fish consumed. The use of
this small model may have biased respondents to
choose a smaller portion size than what they actually
eat. In addition, the study authors noted that the fillet
model may not have been appropriate for estimating
fish portions eaten by those respondents who eat
“family style” meals.

10.4.2.12. San Francisco Estuary Institute (SFEI)
(2000)—Technical Report: San Francisco
Bay Seafood Consumption Report

A comprehensive study of 1,331 anglers was
conducted by the California Department of Health
Services between July 1998 and June 1999 at various
recreational fishing locations in the San Francisco
Bay area . The catching and consumption of 13
finned fish species and 3 shellfish species were
investigated to determine the number of meals eaten
from recreational and other sources such as
restaurants and grocery stores. The method of fish
preparation, including the parts of the fish eaten, was
also documented. Information was gathered on the
amount of fish consumed per meal, as well as
respondents’ ethnicity, age, income level, education,
and the mode of fishing (e.g., pier, boat, and beach).
Questions were also asked to ascertain the anglers’
knowledge and response to local fish advisories.
Respondents  were asked to recall their
fishing/consumption experiences within the previous

4 weeks. Anglers were not asked about the
consumption habits of other members of their
families.

About 15% of the anglers reported that they do
not eat San Francisco Bay fish (whether self-caught
or commercial). Of those who did consume Bay fish,
80% consumed about 1 fish meal per month or less;
10% ate about 2 fish meals per month; and 10% ate
more than 2 fish meals per month, which is above the
advisory level for fish. (The advisory level was
16 grams per day, or about two 8-ounce meals per
4 weeks.) Two-thirds of those consuming fish at
levels above the advisory limit consumed more than
twice the advisory limit. Difference in income,
education, or fishing mode did not markedly change
anglers’ likelihood of eating in excess of the advisory
limit. African Americans and Filipino anglers
reported higher consumption levels than Caucasians
(see Table 10-65). The overall mean consumption
rate was 23 g/day.

More than 50% of the finfish caught by anglers
were striped bass, and about 25% were halibut.
Approximately 15% of the anglers caught each of the
following fish: jacksmelt, sturgeon, and white
croaker. All other species were caught by less than
10% of the anglers. For white croaker fish
consumption: (1) lower income anglers consumed
statistically more fish than mid- and upper-level
income anglers, (2) anglers who did not have a high
school education consumed more than those anglers
with higher education levels, and (3) anglers of Asian
descent consumed significantly more than anglers of
other ethnic backgrounds. Asian anglers were more
likely to eat fish skin, cooking juices, and raw fish
than other anglers. These portions of the fish are
believed to be more likely to contain higher levels of
contamination. Likewise, skin consumption was
higher for lower income and shore-based anglers.
Anglers who had eaten Bay fish in the previous
4 weeks indicated, in general, that they were likely to
have eaten 1 fish meal from another source in the
same time period.

More than 60% of the anglers interviewed
reported having knowledge of the health advisories.
Of that 60%, only about one-third reported changing
their fish-consumption behavior.

A limitation of this study is that the sample size
for ethnic groups was very small. Data are also
specific to the San Francisco Bay area and may not
be representative of anglers in other locations.
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10.4.2.13. Burger (2002a)—Consumption Patterns
and Why People Eat Fish

Burger (2002a) evaluated fishing behavior and
consumption patterns among 267 anglers who were
interviewed at locations around Newark Bay and the
New York-New Jersey Harbor estuary in 1999.
Among the 267 study respondents, 13% were Asian,
21% were Hispanic, 23% were Black, and 43% were
White. Survey participants provided demographic
information as well as information on their fish and
crab consumption, knowledge of fishing advisories,
and reasons for angling. Individual monthly fish
consumption was estimated by multiplying the
reported number of fish meals eaten per month by an
average portion size, based on comparisons to a
three-dimensional model of an 8-ounce fish fillet.
Individual monthly crab consumption was estimated
by multiplying the reported number of crabs eaten
per month by the edible portion of crab, which was
assumed to weigh 70 grams. Yearly fish and crab
consumption was estimated by multiplying the
monthly consumption rates by the number of months
in a year over which the survey respondents reported
eating self-caught fish or crabs. Intake rates were
provided separately for those who fished only (44%),
for those who crabbed only (44%), and for
respondents who reported both fishing and crabbing
(12%) (Burger, 2002a). Burger (2002a) also reported
that more than 30% of the respondents reported that
they did not eat the fish or crabs that they caught.
Table 10-66 provides the average daily intake rates of
fish and crab. U.S. EPA calculated these average
daily intake rates by dividing the yearly intake rates
provided by Burger (2002a) by 365 days/year.

Burger (2002a) also evaluated potential
differences in consumption based on age, income,
and race/ethnicity. Consumption was found to be
negatively correlated with mean income and
positively correlated with age for fish, but not crabs.
An evaluation of differences based on ethnicity
indicated that Whites were the least likely to eat their
catch than other groups; 49% of Whites, 40% of
Hispanics, 24% of Asians, and 22% of Blacks
reported that they did not eat the fish or crabs that
they caught. Among all ethnicities most people
indicated that they fished (63%) or crabbed (68%) for
recreational purposes, and very few (4%) reported
that they angled to obtain food.

The advantages of this study are that it provides
information for both fish and crab intake, and that it
provides data on intake over a longer period of time
than many of the other studies summarized in this
chapter. However, the data are for individuals living
in the Newark Bay area and may not be

representative of the U.S. population as a whole.
Also, there may be uncertainties in long-term intake
estimates that are based on recall.

10.4.2.14. Mayfield et al. (2007)—Survey of Fish
Consumption Patterns of King County
(Washington) Recreational Anglers

Mayfield et al. (2007) conducted a series of fish
consumption surveys among recreational anglers at
marine and freshwater sites in King County, WA. The
marine surveys were conducted between 1997 and
2002 at public parks and boat launches throughout
Elliot Bay and the Duwamish River, and at North
King County marine locations. The numbers of
individuals interviewed at these three locations were
807, 152, and 228, respectively. The majority of
participants were male, 15 years and older, and were
either Caucasian or Asian and Pacific Islander. Data
were collected on fishing location preferences,
fishing frequency, consumption amounts, species
preferences, cooking methods, and whether family
members would also consume the catch. Respondent
demographic data were also collected. Consumption
rates were estimated using information on fishing
frequency, weight of the catch, a cleaning factor, and
the number of individuals consuming the catch. Mean
recreational marine fish and shellfish consumption
rates were 53 g/day and 25 g/day, respectively (see
Table 10-67). Mayfield et al. (2007) also reported
differences in intake according to ethnicity. Mean
marine fish intake rates were 73, 60, 50, 43, and
35 g/day for Native American, Caucasian, Asian and
Pacific ~ Islander, = African = American, and
Hispanic/Latino respondents, respectively.

The advantages of this study are that it provides
additional perspective on recreational marine fish
intake. However, the data are limited to a specific
area of the United States and may not be
representative of anglers in other locations.

10.5. FRESHWATER RECREATIONAL
STUDIES

10.5.1. Fiore et al. (1989)—Sport Fish
Consumption and Body Burden Levels of
Chlorinated Hydrocarbons: A Study of
Wisconsin Anglers

This survey, reported by Fiore et al. (1989), was
conducted to assess socio-demographic factors and
sport-fishing habits of anglers, to evaluate anglers’
comprehension of and compliance with the
Wisconsin Fish Consumption Advisory, to measure
body burden levels of polychlorinated biphenyls
(PCBs) and  Dichlorodiphenyldichloroethylene

Page
10-32

Exposure Factors Handbook
September 2011



http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060431
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060431
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060431
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060431
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060431
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060431
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060511
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060511
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1060511
http://hero.epa.gov/index.cfm?action=search.view&reference_id=731884
http://hero.epa.gov/index.cfm?action=search.view&reference_id=731884
http:10.4.2.14
http:10.4.2.13

Exposure Factors Handbook

Chapter 10—Intake of Fish and Shellfish

(DDE) through analysis of blood serum samples, and
to examine the relationship between body burden
levels and consumption of sport-caught fish. The
survey targeted all Wisconsin residents who had
purchased fishing or sporting licenses in 1984 in any
of 10 pre-selected study counties. These counties
were chosen in part based on their proximity to water
bodies identified in Wisconsin fish advisories. A total
of 1,600 anglers were sent survey questionnaires
during the summer of 1985.

The survey questionnaire included questions
about fishing history, locations fished, species
targeted, kilograms caught for consumption, overall
fish consumption (including commercially caught),
and knowledge of fish advisories. The recall period
was 1 year.

A total of 801 surveys were returned
(50% response rate). Of these, 601 (75%) were from
males and 200 from females; the mean age was
37 years. Fiore et al. (1989) reported that the mean
number of fish meals for 1984 for all respondents
was 18 for sport-caught meals and 24 for
non-sport-caught meals. Fiore et al. (1989) assumed
that each fish meal consisted of 8 ounces (227 grams)
of fish to generate means and percentiles of fish
intake. The reported mean and 95™ percentile intake
rate of sport-caught fish for all respondents were
11.2 g/day and 37.3 g/day, respectively. Among
consumers, who comprised 91% of all respondents,
the mean sport-caught fish intake rate was 12.3 g/day,
and the 95" percentile was 37.3 g/day. The mean
daily fish intake from all sources (both sport-caught
and commercial) was 26.1 g/day, with a 95"
percentile of 63.4 g/day. The 95" percentile of 37.3
g/day of sport caught fish represents 60 fish meals
per year; the 95" percentile of 63.4 g/day of total fish
intake represents 102 fish meals per year.

U.S. EPA obtained the raw data from this study
and calculated the distribution of the number of
sport-caught fish meals and the distribution of fish
intake rates using the same meal size (227 g/meal)
used by Fiore et al. (1989). This meal size is higher
than the mean meal size of 114 g/meal, but similar to
the 90" percentile meal size for general population
adults (age 20-39 years) reported in a study by
Smiciklas-Wright et al. (2002). However, because
data for the general population may underestimate
meal size for anglers, use of an upper percentile
general population value may reflect higher intake
among anglers. This is supported by data from other
studies in the literature that have shown that the
average meal size for sport fishing populations is
higher than those of the general population. For
example, Balcom et al. (1999) reported an average
meal size for sport-caught fish for the angler

population of 7.3 ounces (i.e., 207 grams), while the
average meal size for the general population was
5 ounces (142 grams). Other studies reported similar
meal sizes for sport-caught fish. West et al. (1989)
stated that the meal size most often reported in their
survey was 8 ounces (i.e., 227 grams), and Connelly
et al. (1996) estimated an average meal size of
216 grams. Another study reported an average meal
size of 376 grams (Burger et al., 1999). Therefore, the
meal size used by Fiore et al. (1989) was deemed
reasonable to represent a mean value for the
population of sport anglers. Table 10-68 presents
distributions of fish consumption using a meal size of
227 grams.

This study is limited in its ability to accurately
estimate intake rates because of the absence of data
on weight of fish consumed. Another limitation of
this study is that the results are based on 1-year
recall, which may tend to over-estimate the number
of fishing trips (Ebert et al., 1993). In addition, the
response rate was rather low (50%).

10.5.2. West et al. (1989)—Miichigan Sport
Anglers Fish Consumption Survey

The Michigan Sport Anglers Fish Consumption
Survey (West et al.,, 1989) surveyed a stratified
random sample of Michigan residents with fishing
licenses. The sample was divided into 18 cohorts,
with one cohort receiving a mail questionnaire each
week between January and May 1989. The survey
included both a short-term recall component, and a
usual frequency component. For the short-term recall
component, respondents were asked to identify all
household members and list all fish meals consumed
by each household member during the past 7 days.
Information on the source of the fish for each meal
was also requested (self-caught, gift, market, or
restaurant). Respondents were asked to categorize
serving size by comparison with pictures of 8-ounce
fish portions; serving sizes could be designated as
either “about the same size,” “less,” or “more” than
the size pictured. Data on fish species, locations of
self-caught fish, and methods of preparation and
cooking were also obtained.

The usual frequency component of the survey
asked about the frequency of fish meals during each
of the four seasons and requested respondents give
the overall percentage of household fish meals that
came from recreational sources. A sample of
2,600 individuals was selected from state records to
receive survey questionnaires. A total of 2,334 survey
questionnaires were deliverable, and 1,104 were
completed and returned, giving a response rate of
47.3%.
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In the analysis of the survey data by West et al.
(1989), the authors did not attempt to generate the
distribution of recreationally caught fish intake in the
survey population. U.S. EPA obtained the raw data of
this survey for the purpose of generating fish intake
distributions and other specialized analyses.

As described elsewhere in this handbook,
percentiles of the distribution of average daily intake
reflective of long-term consumption patterns cannot,
in general, be estimated using short-term (e.g.,
1 week) data. Such data can be used to adequately
estimate mean average daily intake rates (reflective
of short- or long-term consumption); in addition,
short-term data can serve to validate estimates of
usual intake based on longer recall.

U.S. EPA first analyzed the short-term data with
the intent of estimating mean fish intake rates. In
order to compare these results with those based on
usual intake, only respondents with information on
both short-term and usual intake were included in this
analysis. For the analysis of the short-term data,
U.S. EPA modified the serving size weights used by
West et al. (1989), which were 5, 8, and 10-ounces,
respectively, for portions that were less, about the
same, and more than the 8-ounce picture. U.S. EPA
examined the percentiles of the distribution of fish
meal sizes reported in Pao et al. (1982) derived from
the 1977-1978 USDA National Food Consumption
Survey and observed that a lognormal distribution
provided a good visual fit to the percentile data.
Using this lognormal distribution, the mean values
for serving sizes greater than 8 ounces and for
serving sizes at least 10% greater than 8 ounces were
determined. In both cases, a serving size of 12 ounces
was consistent with the Pao et al. (1982) distribution.
The weights used in the U.S. EPA analysis then were
5, 8, and 12 ounces for fish meals described as less,
about the same, and more than the 8-ounces picture,
respectively. The mean serving size from Pao et al.
(1982) was about 5 ounces, well below the value of
8 ounces most commonly reported by respondents in
the West et al. (1989) survey.

Table 10-69 displays the mean number of total
and recreational fish meals for each household
member based on the 7-day recall data. Also shown
are mean fish intake rates derived by applying the
weights described above to each fish meal. Intake
was calculated on both g/day and g/kg body weight-
day bases. This analysis was restricted to individuals
who eat fish and who reside in households reporting
some recreational fish consumption during the
previous year. About 75% of survey respondents (i.e.,
licensed anglers) and about 84% of respondents who
fished in the prior year reported some household
recreational fish consumption.

The U.S. EPA analysis next attempted to use the
short-term data to validate the usual intake data. West
et al. (1989) asked the main respondent in each
household to provide estimates of their usual
frequency of fishing and eating fish, by season,
during the previous year. The survey provides a series
of frequency categories for each season, and the
respondent was asked to check the appropriate range.
The ranges used for all questions were almost daily,
2-4 times a week, once a week, 2-3 times a month,
once a month, less often, none, and don’t know. For
quantitative analysis of the data, it is necessary to
convert this categorical information into numerical
frequency values. As some of the ranges are
relatively broad, the choice of conversion values can
have some effect on intake estimates. In order to
obtain optimal values, the usual fish eating frequency
reported by respondents for the season during which
the questionnaire was completed was compared to the
number of fish meals reportedly consumed by
respondents over the 7-day short-term recall period.

The results of these comparisons are displayed in
Table 10-70; it shows that, on average, there is
general agreement between estimates made using
1-year recall and estimates based on 7-day recall. The
average number of meals (1.96/week) was at the
bottom of the range for the most frequent
consumption group with data (2-4 meals/week). In
contrast, for the lower usual frequency categories, the
average number of meals was at the top, or exceeded
the top of category range. This suggests some
tendency for relatively infrequent fish eaters to
underestimate their usual frequency of fish
consumption. The last column of the table shows the
estimated fish eating frequency per week that was
selected for use in making quantitative estimates of
usual fish intake. These values were guided by the
values in the second column, except that frequency
values that were inconsistent with the ranges
provided to respondents in the survey were avoided.

Using the four seasonal fish-eating frequencies
provided by respondents and the above conversions
for reported intake frequency, U.S. EPA estimated the
average number of fish meals per week for each
respondent. This estimate, as well as the analysis
above, pertains to the total number of fish meals
eaten (in Michigan) regardless of the source of the
fish. Respondents were not asked to provide a
seasonal breakdown for eating frequency of
recreationally caught fish; rather, they provided an
overall estimate for the past year of the percent of
fish they ate that was obtained from different sources.
U.S. EPA estimated the annual frequency of
recreationally caught fish meals by multiplying the
estimated total number of fish meals by the reported
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percent of fish meals obtained from recreational
sources; recreational sources were defined as either
self-caught or a gift from family or friends.

The usual intake component of the survey did not
include questions about the usual portion size for fish
meals. In order to estimate usual fish intake, a portion
size of 8 ounces was applied (the majority of
respondents reported this meal size in the 7-day recall
data). Individual body-weight data were used to
estimate intake on a g/kg-day basis. Table 10-71
displays the fish intake distribution estimated by U.S.
EPA.

The distribution shown in Table 10-71 is based on
respondents who consumed recreational caught fish.
As mentioned above, these represent 75% of all
respondents and 84% of respondents who reported
having fished in the prior year. Among this latter
population, the mean recreational fish intake rate is
144 x 0.84 = 12.1 g/day; the value of 38.7 g/day
(95" percentile among consumers) corresponds to the
95.8" percentile of the fish intake distribution in this
(fishing) population.

The advantages of this data set and analysis are
that the survey was relatively large and contained
both short-term and usual intake data. The presence
of short-term data allowed validation of the usual
intake data, which were based on long-term recall;
thus, some of the problems associated with surveys
relying on long-term recall are mitigated here.

The response rate of this survey, 47%, was
relatively low. In addition, the usual fish intake
distribution generated here employed a constant fish
meal size, 8 ounces. Although use of this value as an
average meal size was validated by the short-term
recall results, the use of a constant meal size, even if
correct on average, may seriously reduce the
variation in the estimated fish intake distribution.

This study was conducted in the winter and spring
months of 1988. This period does not include the
summer months, when peak fishing activity can be
anticipated, leading to the possibility that intake
results based on the 7-day recall data may understate
individuals’ usual (annual average) fish consumption.
A second survey by West et al. (1993) gathered diary
data on fish intake for respondents spaced over a full
year. However, this later survey did not include
questions about usual fish intake and has not been re-
analyzed here. The mean recreational fish intake rates
derived from the short-term and usual components
were quite similar, however, 14.0 versus 14.4 g/day.

10.5.3. ChemRisk (1992)—Consumption of
Freshwater Fish by Maine Anglers

ChemRisk conducted a study to characterize the
rates of freshwater fish consumption among Maine
residents (Ebert et al., 1993; ChemRisk, 1992).
Because the only dietary source of local freshwater
fish is recreational fish, the anglers in Maine were
chosen as the survey population. The survey was
designed to gather information on the consumption of
fish caught by anglers from flowing (rivers and
streams) and standing (lakes and ponds) water
bodies. Respondents were asked to recall the
frequency of fishing trips during the 1989-1990
ice-fishing season, and the 1990 open water season,
the number of fish species caught during both
seasons, and to estimate the number of fish consumed
from 15 fish species. The respondents were also
asked to describe the number, species, and average
length of each sport-caught fish consumed that had
been gifts from other members of their households or
other households. The weight of fish consumed by
anglers was calculated by first multiplying the
estimated weight of the fish by the edible fraction and
then dividing this product by the number of intended
consumers. Species-specific regression equations
were utilized to estimate weight from the reported
fish length. The edible fractions used were 0.4 for
salmon, 0.78 for Atlantic smelt, and 0.3 for all other
species (Ebert et al., 1993).

A total of 2,500 prospective survey participants
were randomly selected from a list of anglers
licensed in Maine. The surveys were mailed in during
October 1990. Because this was before the end of the
open fishing season, respondents were also asked to
predict how many more open water fishing trips they
would undertake in 1990.

ChemRisk (1992) and Ebert et al. (1993)
calculated distributions of freshwater fish intake for
two populations, “all anglers” and *consuming
anglers.” All anglers were defined as licensed anglers
who fished during either the 1989-1990 ice-fishing
season or the 1990 open-water season (consumers
and non-consumers) and licensed anglers who did not
fish but consumed freshwater fish caught in Maine
during these seasons. “Consuming anglers” were
defined as those anglers who consumed freshwater
fish obtained from Maine sources during the
1989-1990 ice fishing or 1990 open water fishing
season. In addition, the distribution of fish intake
from rivers and streams was also calculated for
two populations, those fishing on rivers and streams
(“river anglers”), and those consuming fish from
rivers and streams (“consuming river anglers”).
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A total of 1,612 surveys were returned, giving a
response rate of 64%; 1,369 (85%) of the
1,612 respondents were included in the “all angler”
population, and 1,053 (65%) were included in the
“consuming angler” population. Table 10-72 presents
freshwater fish intake distributions. The mean and
95" percentile were 5.0 g/day and 21.0 g/day,
respectively, for “all anglers,” and 6.4 g/day and
26.0 g/day, respectively, for “consuming anglers.”
Table 10-72 also presents intake distributions for fish
caught from rivers and streams. Among “river
anglers,” the mean and 95" percentile were 1.9 g/day
and 6.2 g/day, respectively, while among “consuming
river anglers,” the mean and the 95" percentile were
3.7 g/day and 12.0 g/day, respectively. Table 10-73
presents fish intake distributions by ethnic group for
consuming anglers. The highest mean intake rates
reported are for Native Americans (10 g/day) and
French Canadians (7.4 g/day). Because there was a
low number of respondents for Hispanics,
Asian/Pacific Islanders, and African Americans,
intake rates within these groups were not calculated
(ChemRisk, 1992).

Table 10-74 presents the consumption, by species,
of freshwater fish caught. The largest species
consumption was salmon from ice fishing
(~292,000 grams); white perch (380,000 grams) for
lakes and ponds; and Brook trout (420,000 grams) for
rivers and streams (ChemRisk, 1992).

U.S. EPA obtained the raw data tapes from the
marine anglers survey and performed some
specialized analyses. One analysis involved
examining the percentiles of the “resource utilization
distribution” (this distribution was defined in
Section 10.1). The 50", or more generally, the p™
percentile of the resource utilization distribution, is
defined as the consumption level such that p percent
of the resource is consumed by individuals with
consumptions below this level and 100—p percent by
individuals with consumptions above this level.
U.S.EPA found that 90% of recreational fish
consumption was by individuals with intake rates
above 3.1 g/day, and 50% was by individuals with
intakes above 20 g/day. Those above 3.1 g/day make
up about 30% of the *all angler” population, and
those above 20 g/day make up about 5% of this
population; thus, the top 5% of the angler population
consumed 50% of the recreational fish catch.

U.S. EPA also performed an analysis of fish
consumption among anglers and their families. This
analysis was possible because the survey included
questions on the number, sex, and age of each
individual in the household and whether the
individual consumed recreationally caught fish. The
total population of licensed anglers in this survey and

their household members was 4,872; the average
household size for the 1,612 anglers in the survey
was thus 3.0 persons. Fifty-six percent of the
population was male, and 30% was 18 or under.

A total of 55% of this population was reported to
consume freshwater recreationally caught fish in the
year of the survey. The sex and ethnic distribution of
the consumers was similar to that of the overall
population. The distribution of fish intake among the
overall household population, or among consumers in
the household, can be calculated under the
assumption that recreationally caught fish was shared
equally among all members of the household
reporting consumption of such fish (note this
assumption was used above to calculate intake rates
for anglers). With this assumption, the mean intake
rate among consumers was 5.9 g/day, with a median
of 1.8 g/day, and a 95" percentile of 23.1 g/day; for
the overall population, the mean was 3.2 g/day and
the 95" percentile was 14.1 g/day.

The results of this survey can be put into the
context of the overall Maine population. The
1,612 anglers surveyed represent about 0.7% of the
estimated 225,000 licensed anglers in Maine. It is
reasonable to assume that licensed anglers and their
families will have the highest exposure to
recreationally caught freshwater fish. Thus, to
estimate the number of persons in Maine with
recreationally caught freshwater fish intake above,
for instance, 6.5 g/day (the 80" percentile among
household consumers in this survey), one can assume
that virtually all persons came from the population of
licensed anglers and their families. The number of
persons above 6.5 g/day in the household survey
population is calculated by taking 20% (i.e., 100-
80%) of the consuming population in the survey; this
number then is 0.2 x (0.55 x 4,872) = 536. Dividing
this number by the sampling fraction of 0.007 (0.7%),
gives about 77,000 persons above 6.5 g/day of
recreational freshwater fish consumption statewide.
The 1990 census showed the population of Maine to
be 1.2 million people; thus, the 77,000 persons above
6.5 g/day represent about 6% of the state’s
population.

ChemRisk (1992) reported that the fish
consumption estimates were based upon the
following assumptions: a 40% estimate as the edible
portion of landlocked and Atlantic salmon; inclusion
of the intended number of future fishing trips and an
assumption that the average success and consumption
rates for the individual angler during the trips already
taken would continue through future trips. The data
collected for this study were based on recall and
self-reporting, which may have resulted in a biased
estimate. The social desirability of the sport and
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frequency of fishing are also bias-contributing
factors; successful anglers are among the highest
consumers of freshwater fish (ChemRisk, 1992).
Additionally, fish advisories are in place in these
areas and may affect the rate of fish consumption
among anglers. The survey results showed that in
1990, 23% of all anglers consumed no freshwater
fish, and 55% of the river anglers ate no freshwater
fish. An advantage of this study is that the sample
size is rather large.

10.5.4. Connelly et al. (1992)—Effects of Health
Advisory and Advisory Changes on
Fishing Habits and Fish Consumption in
New York Sport Fisheries

Connelly et al. (1992) conducted a study to assess
the awareness and knowledge of New York anglers
about fishing advisories and contaminants found in
fish and their fishing and fish consuming behaviors.
The survey sample consisted of 2,000 anglers with
New York State fishing licenses for the year
beginning October 1, 1990, through
September 30, 1991. A questionnaire was mailed to
the survey sample in January 1992. The questionnaire
was designed to measure catch and consumption of
fish, as well as methods of fish preparation and
knowledge of and attitudes towards health advisories
(Connelly et al., 1992). The survey-adjusted response
rate was 52.8% (1,030 questionnaires were
completed, and 51 were not deliverable).

The average and median number of fishing days
per year were 27 and 15 days, respectively (Connelly
et al., 1992). The mean number of sport-caught fish
meals was 11 meals/year. The maximum number of
meals consumed was 757 meals/year. About 25% of
anglers reported that they did not consume sport-
caught fish.

Connelly et al. (1992) found that 80% of anglers
statewide did not eat listed species or ate them within
advisory limits and followed the 1 sport-caught fish
meal per week recommended maximum. The other
20% of anglers exceeded the advisory
recommendations in some way; 15% ate listed
species above the limit, and 5% ate more than
one sport-caught meal per week.

Connelly et al. (1992) found that respondents
eating more than 1 sport-caught meal per week were
just as likely as those eating less than one meal per
week to know the recommended level of sport-caught
fish consumption, although less than 1/3 in each
group knew the level. An estimated 85% of anglers
were aware of the health advisory. Over 50% of
respondents said that they made changes in their

fishing or fish consumption behaviors in response to
health advisories.

The advisory included a section on methods that
can be used to reduce contaminant exposure.
Respondents were asked what methods they used for
fish cleaning and cooking.

A limitation of this study with respect to
estimating fish intake rates is that only the number of
sport-caught meals was ascertained, not the weight of
fish consumed. The fish meal data can be converted
to a mean intake rate (g/day) by assuming a meal size
of 227 g/meal (i.e., 8 ounces). This value
corresponds to the adult general population 90"
percentile meal size derived from Smiciklas-Wright
et al. (2002). The resulting mean intake rate among
the angler population would be 6.8 g/day. However,
about 25% of this population reported no
sport-caught fish consumption. Therefore, the mean
consumption rate among consuming anglers would
be 27.4 g/day (i.e., 6.8 g/day divided by 0.25).

The major focus of this study was not on
consumption, per se, but on the knowledge of and
impact of fish health advisories; Connelly etal.
(1992) provides important information on these
issues.

10.5.5. Hudson River Sloop Clearwater, Inc.
(1993)—Hudson River Angler Survey

Hudson River Sloop Clearwater, Inc. (1993)
conducted a survey of adherence to fish consumption
health advisories among Hudson River anglers. All
fishing has been banned on the upper Hudson River
where high levels of PCB contamination are well
documented; while voluntary recreational fish
consumption advisories have been issued for areas
south of the Troy Dam (Hudson River Sloop
Clearwater, 1993).

The survey consisted of direct interviews with
336 shore-based anglers between the months of June
and November 1991, and April and July 1992. Table
10-75 presents socio-demographic characteristics of
the respondents. The survey sites were selected based
on observations of use by anglers, and legal
accessibility. The selected sites included upper-, mid-,
and lower- Hudson River sites located in both rural
and urban settings. The interviews were conducted on
weekends and weekdays during morning, midday,
and evening periods. The anglers were asked specific
questions concerning: fishing and fish consumption
habits; perceptions of presence of contaminants in
fish;  perceptions of risks associated with
consumption of recreationally caught fish; and
awareness of, attitude toward, and response to fish
consumption advisories or fishing bans.
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Approximately 92% of the survey respondents
were male. The following statistics were provided by
Hudson River Sloop Clearwater, Inc. (1993). The
most common reason given for fishing was for
recreation or enjoyment. Over 58% of those surveyed
indicated that they eat their catch. Of those anglers
who eat their catch, 48% reported being aware of
advisories. Approximately 24% of those who said
they currently do not eat their catch have done so in
the past. Anglers were more likely to eat their catch
from the lower Hudson areas where health advisories,
rather than fishing bans, have been issued.
Approximately 94% of Hispanic Americans were
likely to eat their catch, while 77% of African
Americans and 47% of Caucasian Americans
intended to eat their catch. Of those who eat their
catch, 87% were likely to share their meal with others
(including women of childbearing age, and children
under the age of 15).

For subsistence anglers, more low-income than
upper-income anglers eat their catch (Hudson River
Sloop Clearwater, 1993). Approximately 10% of the
respondents stated that food was their primary reason
for fishing; this group is more likely to be in the
lowest per capita income group (Hudson River Sloop
Clearwater, 1993).

The average frequency of fish consumption
reported was just under 1 (0.9) meal over the
previous week, and 3 meals over the previous month.
Approximately 35% of all anglers who eat their catch
exceeded the amounts recommended by the New
York State health advisories. Less than half (48%) of
all the anglers interviewed were aware of the State
health advisories or fishing bans. Only 42% of those
anglers aware of the advisories have changed their
fishing habits as a result.

The advantages of this study include in-person
interviews with 95% of all anglers approached;
field-tested questions designed to  minimize
interviewer bias; and candid responses concerning
consumption of fish from contaminated waters. The
limitations of this study are that specific intake
amounts are not indicated, and that only shore-based
anglers were interviewed.

10.5.6. West et al. (1993)—Michigan Sport
Anglers Fish Consumption Study, 1991-
1992

West et al. (1993) conducted a survey financed by
the Michigan Great Lakes Protection Fund, as a
follow-up to the earlier 1989 Michigan survey
described previously. The major purpose of 1991-
1992 survey was to provide short-term recall data of
recreational fish consumption over a full year period;

the 1989 survey, in contrast, was conducted over only
a half year period (West et al., 1993).

This survey was similar in design to the 1989
Michigan survey. A sample of 7,000 persons with
Michigan fishing licenses was drawn, and surveys
were mailed in 2-week cohorts over the period
January 1991 to January 1992. Respondents were
asked to report detailed fish consumption patterns
during the preceding 7 days, as well as demographic
information; they were also asked if they currently
eat fish. Enclosed with the survey were pictures of
about a half pound of fish. Respondents were asked
to indicate whether reported consumption at each
meal was more, less, or about the same as the picture.
Based on responses to this question, respondents
were assumed to have consumed ten, 5- or 8-ounce
portions of fish, respectively.

Atotal of 2,681 surveys were returned. West et al.
(1993) calculated a response rate for the survey of
46.8%; this was derived by removing from the
sample those respondents who could not be located
or who did not reside in Michigan for at least
6 months.

Of these 2,681 respondents, 2,475 (93%) reported
that they currently eat fish; all subsequent analyses
were restricted to the current fish eaters. The mean
fish consumption rates were found to be 16.7 g/day
for sport fish and 26.5 g/day for total fish (West et al.,
1993). Table 10-76 shows mean sport-fish
consumption rates by demographic categories. Rates
were higher among minorities, people with low
income, and people residing in smaller communities.
Consumption rates in g/day were also higher in males
than in females; however, this difference would likely
disappear if rates were computed on a g/kg-day basis.

West et al. (1993) estimated the 80" percentile of
the survey fish consumption distribution. More
extensive percentile calculations were performed by
U.S. EPA (1995) using the raw data from the West
etal. (1993) survey. However, because this survey
only measured fish consumption over a short
(1 week) interval, the resulting distribution will not
be indicative of the long-term fish consumption
distribution, and the upper percentiles reported from
the U.S. EPA analysis will likely considerably
overestimate the corresponding long-term percentiles.
The overall 95 percentile calculated by U.S. EPA
(1995) was 77.9; this is about double the
95™ percentile estimated using yearlong consumption
data from the 1989 Michigan survey.

The limitations of this survey are the relatively
low response rate and the fact that only
three categories were used to assign fish portion size.
The main study strengths were its relatively large size
and its reliance on short-term recall.
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10.5.7. Alabama Dept. of Environmental
Management (ADEM) (1994)—
Estimation of Daily Per Capita
Freshwater Fish Consumption of
Alabama Anglers

The Alabama Department of Environmental
Management (1994) conducted a fish consumption
survey of sport-fishing Alabama anglers during the
time period from August 1992 to August 1993. The
target population included all anglers who were
Alabama residents. The survey design consisted of
personal interviews given to sport fishermen at the
end of their fishing trips at 23 sampling sites. Each
sampling site was surveyed once during each season
(summer, fall, winter, and spring). The survey was
conducted for 2 consecutive days, either a Friday and
Saturday or a Sunday and Monday. This approach
minimized single-day-type bias and maximized
surveying the largest number of anglers because a
large amount of fishing occurs on weekends. Anglers
were asked about consumption of fish caught at the
sampling site as well as consumption of fish caught
from other lakes and rivers in Alabama.

A total of 1,586 anglers were interviewed during
the entire study period, of which, 83% reported
eating fish they caught from the sampling sites
(1,313 anglers). The number of anglers interviewed
during each season was as follows: 488 during the
summer, 363 during the fall, 224 during the winter,
and 511 during the spring. Fish consumption rates
were estimated using two methods: the 4-ounce
Serving Method and the Harvest Method. The
4-ounce Serving Method estimated consumption
based on a typical 4-ounce serving size. The Harvest
Method used the actual harvest of fish and dressing
method reported. All of the 1,313 anglers were used
in the mean estimates of daily consumption based on
the 4-ounce Serving Method, while only 563 anglers
were utilized in the calculations of mean estimates of
daily consumption, based on the Harvest Method.

Table 10-77 shows the results of the survey.
Adults consumed an annual average of 32.6 g/day
using the Harvest Method, calculated from study
sites, and an annual average of 43.1 g/day using the
Harvest Method, calculated from study sites plus
other Alabama lakes and rivers. The survey also
showed that adults consumed an annual average of
30.3 g/day using the 4-ounce Serving Method,
calculated from study sites, and an annual average of
45.8 g/day using the 4-ounce Serving Method,
calculated from study sites plus other Alabama lakes
and rivers. When the entire sample was pooled, and a
mean was taken over all respondents for the 4-ounce

Serving Method, the average annual consumption
was 44.8 g/day.

The study also examined fish consumption in
conjunction with socio-demographic factors. It was
noted that fish consumption tended to increase with
age. Anglers below the age of 20 years were not well
represented in this study. However, based on
estimates of consumption rates using the 4-ounce
Serving Method, the study found that anglers
between 20 and 30 years of age consumed an average
of 16 g/day, anglers between 30 and 50 years old
consumed 39 g/day, and anglers over 50 years old
consumed 76 g/day. Trends also emerged when ethnic
groups and income levels were examined together.
Using the 4-ounce Serving Method, estimates of fish
consumption for Blacks dropped from 60 g/day for
poverty-level families to 15 g/day for upper-income
families. For Whites, fish consumption rates dropped
slightly from 41 g/day for poverty-level families to
35 g/day for upper-income families. Similar trends
were observed with the Harvest Method estimates.
Averaging the results from the two estimation
methods, there was a tendency for upper-income
White anglers to eat roughly 30% less fish than
poverty-level White anglers, while upper-income
Black anglers ate about 80% less fish as poverty-
level Black anglers. The analysis of seasonal intake
showed that the highest consumption rates were
consistently found to occur in the summer (see Table
10-77). It was also found the lowest fish consumption
rate occurred in the spring.

The advantages of this study are that it compares
estimates of intake using two different methods and
provides some perspective on seasonal differences in
intake. Data are not provided for children, and the
number of observations for some race/ethnic groups
is very small.

10.5.8. Connelly et al. (1996)—Sportfish
Consumption Patterns of Lake Ontario
Anglers and the Relationship to Health
Advisories, 1992

The objectives of the Connelly et al. (1996) study
were to provide accurate estimates of fish
consumption (overall and sport caught) among Lake
Ontario anglers and to evaluate the effect of Lake
Ontario health advisory recommendations (Connelly
et al., 1996). To target Lake Ontario anglers, a sample
of 2,500 names was randomly drawn from 1990-
1991 New York fishing license records for licenses
purchased in six counties bordering Lake Ontario.
Participation in the study was solicited by mail with
potential participants encouraged to enroll in the
study even if they fished infrequently or consumed
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little or no sport-caught fish. The survey design
involved three survey techniques including a mail
questionnaire asking for 12-month recall of 1991
fishing trips and fish consumption, self-recording
information in a diary for 1992 fishing trips and fish
consumption, periodic telephone interviews to gather
information recorded in the diary, and a final
telephone interview to determine awareness of health
advisories (Connelly et al., 1996).

Participants were instructed to record in the diary
the species of fish eaten, meal size, method by which
fish was acquired (sport-caught or other), fish
preparation and cooking techniques used, and the
number of household members eating the meal. Fish
meals were defined as finfish only. Meal size was
estimated by participants by comparing their meal
size to pictures of 8-ounce fish steaks and fillets on
dinner plates. An 8-ounce size was assumed unless
participants noted their meal size was smaller than
8 ounces, in which case, a 4-ounce size was assumed,
or they noted it was larger than 8 ounces, in which
case, a 12-ounce size was assumed. Participants were
also asked to record information on fishing trips to
Lake Ontario and species and length of any fish
caught.

From the initial sample of 2,500 license buyers,
1,993 (80%) were reachable by phone or mail, and
1,410 of these were eligible for the study, in that they
intended to fish Lake Ontario in 1992. A total of
1,202 of these 1,410, or 85%, agreed to participate in
the study. Of the 1,202 participants, 853 either
returned the diary or provided diary information by
telephone. Due to changes in health advisories for
Lake Ontario, which resulted in less Lake Ontario
fishing in 1992, only 43%, or 366 of these
853 persons indicated that they fished Lake Ontario
during 1992. The study analyses summarized below
concerning fish consumption and Lake Ontario
fishing participation are based on these 366 persons.

Anglers who fished Lake Ontario reported an
average of 30.3 (standard error = 2.3) fish meals per
person from all sources in 1992; of these meals, 28%
were sport caught (Connelly et al., 1996). Less than
1% ate no fish for the year, and 16% ate no sport-
caught fish. The mean fish intake rate from all
sources was 17.9 g/day, and from sport-caught
sources was 4.9 g/day. Table 10-78 gives the
distribution of fish intake rates from all sources and
from sport-caught fish. The median rates were
14.1 g/day for all sources and 2.2 g/day for sport
caught; the 95" percentiles were 42.3 g/day and
179 g/day for all sources and sport caught,
respectively. As seen in Table 10-79, statistically
significant differences in intake rates were seen
across age and residence groups, with residents of

large cities and younger people having lower intake
rates, on average.

The main advantage of this study is the diary
format. This format provides more accurate
information on fishing participation and fish
consumption, than studies based on 1-year recall
(Ebert et al., 1993). However, a considerable portion
of diary respondents participated in the study for only
a portion of the year, and some errors may have been
generated in extrapolating these respondents’ results
to the entire year (Connelly et al., 1996). In addition,
the response rate for this study was relatively low—
853 of 1,410 eligible respondents, or 60%—which
may have engendered some non-response bias.

The presence of health advisories should be taken
into account when evaluating the intake rates
observed in this study. Nearly all respondents (>95%)
were aware of the Lake Ontario health advisory. This
advisory counseled to eat none of nine fish species
from Lake Ontario and to eat no more than one meal
per month of another four species. In addition, New
York State issues a general advisory to eat no more
than 52 sport-caught fish meals per year. Among
participants who fished Lake Ontario in 1992, 32%
said they would eat more fish if health advisories did
not exist. A significant fraction of respondents did not
totally adhere to the fish advisory; however, 36% of
respondents, and 72% of respondents reporting Lake
Ontario fish consumption, ate at least one species of
fish over the advisory limit. Interestingly, 90% of
those violating the advisory reported that they
believed they were eating within advisory limits.

10.5.9. Balcom et al. (1999)—Quantification of
Seafood Consumption Rates for
Connecticut

Balcom et al. (1999) conducted a seafood
consumption study in Connecticut, utilizing a food
frequency questionnaire along with portion size
models. Follow-up telephone calls were made to
encourage participation 7-10 days after mailing the
questionnaires to improve response rates. Information
requested in the survey included frequency of fish
consumption, types of fish/seafood eaten, portion
size, parts eaten, and the source of the fish/seafood
eaten. A diary was also given to the sample
populations to record fish and seafood consumption
over a 10-day period, and to document where the
fish/seafood was obtained and how it was prepared.

The sample population size for this study was
2,354 individuals (1,048 households). The study
authors divided this overall population into various
population groups including the general population
(460 individuals/216 households), commercial
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fishing population (178 individuals/73 households),
sport fishing and cultural/subsistence fishing
population (514 individuals/348  households),
minority population
(860 individuals/245 households), Southeast Asian
(329 individuals/89 households), non-Southeast
Asian (531 individuals/156 households), limited
income population (937 individuals/276 households),
women  of  childbearing age  population
(493 individuals/420  households), and children
population (559 individuals/305 households).

It is important to note that the nine population
groups used in this study are not mutually exclusive.
Many individuals were included in more than one
population. For this reason, the authors did not
attempt to make any statistical comparisons between
the population groups.

The survey showed that over 33% of the
respondents ate 1-2 meals of fish or seafood per
week, including 39% of the general population,
35% of the sport fishing population, 38% of the
commercial and minority populations, and 39% of
the limited income population. A total of 36% of the
Southeast Asian population consumed 2—-3 meals per
week with 2.1% consuming 5 or more meals per
week, while 43% of non-Southeast Asians consumed
1-2 meals of seafood per week. The general
population consumed, on average, 4.2 ounces of fish
per meal of purchased fish and 5.0 ounces per meal
of caught fish. Individuals in the sport fishing
population showed a marked difference, consuming
4.7 ounces per meal of bought fish and 7.3 ounces
per meal of caught fish. Southeast Asians consumed
smaller portions of fish per meal, and children
consumed the smallest portions of fish per meal.

On average, the general population consumed
27.7 g/day of fish and seafood while the sport fishing
population consumed 51.1 g/day (see Table 10-80).
The consumption of sport fish among consuming
anglers can be estimated by dividing the consumption
for all respondents by the percentage of consuming
anglers reported by Balcom et al. (1999) of 97% to
yield 52.7 g/day. The commercial fishing population
had an average consumption rate of 47.4 g/day, while
the limited income population’s rate was 43.1 g/day.
The overall minority population consumption rate
was 50.3 g/day, with Southeast Asians consuming an
average of 59.2 g/day (the highest overall rate) and
non-Southeast Asians consuming an average of
45.0 g/day. Child-bearing age women consumed an
average of 45.0 g/day, and children consumed an
average of 18.3 g/day.

The study also examined fish preparations and
cooking practices for each population group. It was
found that the sport fishing population was most

likely to perform risk-reducing preparation methods
compared to the other populations, while the minority
population was least likely to use the same
risk-reducing methods. Cooking information by
specie was only available for the Southeast Asian
population, but the most common cooking methods
were boiling, poaching-boiling-steaming, sauté/stir
fry, and deep frying.

The authors noted that there were some
limitations to this study. First, there was some
association among household members in terms of
the tendency to eat fish and seafood, but there was no
dependence between households. Second, the study
had a very low percent return rate for the general
population mail survey, and it is questionable whether
or not the responses accurately reflect the total
population’s behavior. In addition, the proportion of
intake that can be attributed to freshwater fish is not
known.

10.5.10. Burger et al. (1999)—Factors in Exposure
Assessment: Ethnic and Socioeconomic
Differences in Fishing and Consumption
of Fish Caught Along the Savannah River

Burger et al. (1999) examined the differences in
fishing rates and fish consumption of people fishing
along the Savannah River as a function of age,
education, ethnicity, employment history, and
income. A total of 258 people who were fishing on
the Savannah River were interviewed. The interviews
were conducted both on land and by boat from April
to November 1997. Anglers were asked about fishing
behavior, consumption patterns, cooking patterns,
knowledge of warnings and safety of fish, and
personal demographics. The authors used multiple
regression procedures to examine the relative
contribution of ethnicity, income, age, and education
to parameters such as years fished, serving size,
meals/month, and total ounces of fish consumed per
year.

Eighty-nine percent of people interviewed were
men, 70% were White, 28% were African American,
and 2% were of other ethnicity not specified in the
study. The age of the interviewees ranged from 16 to
82 years (mean = 43 £ 1 years). The study authors
reported that the average fish intake for all survey
respondents was 1.46 kg of fish per month
(48.7 g/day). Although most of the respondents were
men, they indicated that their wives and children
consumed fish as often as they did, and children
began to eat fish at 3 to 5 years of age.

There were significant differences in fishing
behavior and consumption as a function of ethnicity
(see Table 10-81). African Americans fished more
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often, consumed fish more frequently, and ate larger
portions of fish than did Whites. Given the higher
level of consumption by African Americans
compared to consumption by Whites, the study
authors suggested that the potential for exposure is
higher for African Americans than for Whites,
although the risks depend on the levels of
contaminants in the fish. Income and education also
contributed to variations in fishing and consumption
behavior. Anglers with low incomes (less than or
equal to $20,000) ate fish more often that those with
higher incomes. Anglers who had not graduated from
high school consumed fish more frequently, ate more
fish per month and per year, and deep fried fish more
often than anglers with more education. At all levels
of education, African Americans consumed more fish
than Whites.

The authors acknowledged that there may have
been sampling bias in the study because they only
interviewed people who were fishing on the river and
were, therefore, limited to those people they found.
To reduce the bias, the authors conducted the survey
at all times of the day, on all days of the week, and
along different sections of the river. Another
limitation noted by the study authors is that the
survey asked questions about consumption of fish
from two general sources: self-caught and bought.
The study authors indicated that it would have been
useful to distinguish between fish obtained directly
from the wild by the anglers, their friends or family,
and store-bought or restaurant fish.

10.5.11. Williams et al. (1999)—Consumption of
Indiana Sport-Caught Fish: Mail Survey
of Resident License Holders

In 1997, sport-caught fish consumption among
licensed Indiana anglers was assessed using a mail
survey (Williams et al., 1999). Anglers were asked
about their consumption patterns during a 3-month
recall, their fishing rates, species of fish consumed,
awareness of advisory warnings, and associated
behaviors.

Average meal size among respondents was
9.3 ounces per meal. Consumers indicated that, on
average, they ate between 1 and 2 meals per month.
The survey population was divided into active
consumers (those who actively engage in consuming
sport fish meals) and potential consumers (those who
eat fish during other times of the year). The average
consumption rate for active consumers was reported
as 19.8 g/day. For both active and potential
consumers, the rate was 16.4 g/day (see Table 10-82).

The statewide mail survey of licensed Indiana
anglers did not specifically address lower-income and

minority anglers. The respondents to the mail survey
were predominately White (94.5%). The recall period
for this survey extended from the summer through
the end of fall and early winter. No information was
collected on consumption during spring or winter.
Another limitation of the study was that only
sport-caught fish consumption was measured among
anglers.

10.5.12. Burger (2000)—Gender Differences in
Meal Patterns: Role of Self-Caught Fish
and Wild Game in Meat and Fish Diets

Burger (2000) used the hypothesis that there are
sex differences in consumption patterns of
self-caught fish and wild game in a meat and fish
diet. A total of 457 people were randomly selected
and interviewed while attending the Palmetto
Sportsmen’s Classic in Columbia, SC in March 1998.
The mean age of the respondents was 40 years and
ranged from 15 to 74. The questionnaire requested
information on  two  different  categories:
socio-demographics and number of meals consumed
that included several types of fish and wild game.
The demographics section contained questions
dealing with ethnicity, sex, age, location of residence,
occupation, and income. The section on consumption
of wild game and fish included specific questions
about the number of meals eaten and the source (i.e.,
self-caught fish, store-bought fish, and restaurant
fish).

The results of this study indicated that there were
no sex differences in the percentage of people who
ate commercial protein sources, but there were
significant sex differences for the consumption of
most wild-caught game and fish. A higher proportion
of men (81.5%) ate wild-caught species than women
(73.2%). There were also sex differences in mean
monthly meals and mean serving sizes for
wild-caught fish. Men ate more meals of wild-caught
fish than woman, and men also ate larger portions
than women. The mean number of wild-caught fish
meals eaten per month was 2.24 for men and 1.52 for
women. The mean serving size was 373 grams for
men and 232 for women. The study authors also
found that individuals who consumed a large number
of fish meals per month consumed a higher
percentage of wild-caught fish meals than individuals
who consumed a small number of fish meals per
month.

This study provides information on sex
differences with regard to consumption of
wild-caught fish. Information on the number of
monthly meals and meal size is provided. However,
the study did not distinguish between marine and
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freshwater fish. In addition, all subjects interviewed
were White.

10.5.13. Williams et al. (2000)—An Examination
of Fish Consumption by Indiana
Recreational Anglers: An Onsite Survey

An on-site survey of Indiana anglers was
conducted in the summer of 1998 (Williams et al.,
2000). A total of 946 surveys were completed.
Minority anglers accounted for 31.8% of those
surveyed, with African American anglers accounting
for the majority of this group (25.1% of all
respondents). Respondents reporting household
incomes below $25,000 comprised 30.9% of the
respondents. Anglers were asked to report their
Indiana sport-caught fish consumption frequency for
a 3-month recall period. Using the meal frequency
and portion size reported by the anglers, the amount
of fish consumed was calculated into a daily amount
called grams per day consumption. Consumption
rates were weighted to correct for participation bias.

Consumption was reported as 27.2 g/day among
minority consumers and 20.0 g/day among White
consumers (see Table 10-83). Of the anglers
surveyed, 75.4% of White active consumers reported
being aware of the fish consumption advisory, while
70.0% of the minority consumers reported awareness.
The study authors also examined angler consumption
rate based on the level of awareness of Indiana fish
consumption advisories reported by the anglers. The
consumption rate for those consumers who were very
awar